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Government Aid for Research Work on 
Concrete. 


All who have watched the development of our 
definite knowledge of a true scientific nature re- 
garding the properties of concrete, with and with- 


out steel reinforcement, have been impressed by“ 


the trifling gain each year and the enormous du- 
plication of effort in making tests in different 
parts of the country under conditions which ren- 
der the results only roughly comparable. While 
concrete and reinforced concrete construction is 
progressing with astonishing rapidity and bold- 
ness, scientific knowledge of these materials barely 
creeps forward. The result is that a great many 
cities are witnessing the construction of concrete 
works which must be regarded with considerable 
distrust, not necessarily as being absolutely un- 
safe, but as typifying a sort of reckless gamble 
with fate over the true distribution of strains in 


THE ENGINEERING RECORD. 


a material of which we know little definitely. The 
result of this ignorance is of two-fold character 
and equally serious in either aspect. In the first 
place it is probably true that a great many people 
are endangered by working in unsafe buildings, 
which never should have been erected. Some of 
these structures are defective because of poor 
design, but the greater number are probably un- 
safe because the workmanship was poor. These 
conditions are not often due to a desire to swin- 
dle, but simply to ignorance and overconfidence 
in the value of imperfect knowledge. On the 
other hand, there are a few places where these 
dangers have been appreciated by the local au- 
thorities, who, to prevent their occurrence, have 
passed very strict regulations concerning such 
structures, no matter how well designed, actually 
preventing their use. This has not been done 
in a spirit of prejudice against the use of con- 
crete and reinforced concrete, but as a safeguard 
against disaster until the technical data on which 
the design of such structurés must rest are defi- 
nitely obtained by methods open to no sound crit- 
icism. 

At the present time there is a Joint Commit- 
tee of numerous technical societies engaged in 
procuring such data. It is probably as thoroughly 
representative and competent as any committee 
for such a purpose that was ever appointed. Its 
members are giving their services without pay- 
ment and are actually paying out considerable 
sums to attend the meetings of the main com- 
mittee and its sub-committees. Some money has 
been raised for its purposes and it is probable that 
this amount can be raised annually for some time 
to come. The committee has now carried its 
work so far, however, that it recognizes the fur- 
ther development of the necessary tests at the rate 
the country’s interests demand must depend on 
a liberal federal grant of funds. At least $100,000 
should be given for the coming year’s work and 
the same amount for the next year. Although 
The Engineering Record is opposed to government 
work for which private laboratories are equipped 
it is heartily in favor of this request. It was not 
made until an attempt had been made to carry on 
the work in private laboratories. Investigations 
have been made with all the precautions that ex- 
pert advice considered desirable, yet the results 
are bitterly disappointing. The amount of work 
accomplished at different laboratories has been 
very small and the results are not comparable. 
It is a well-known fact that in tests of mortar 
and concrete the methods of manipulation of tri- 
fling -details of the construction and testing of 
briquettes, blocks and beams have a great in- 
fluence on the results. The American Society 
of Civil Engineers has had a committee working 
for some years to determine the best methods of 
testing cement and its report has not yet been 
made, which fact will indicate to those unfamiliar 
with the subject the importance of the details of 
testing. 

The only way in which the information required 
for a thorough. understanding’ of concrete and 
reinforced concrete construction can be obtained 
is by comprehensive experiments made at one 
place by the same staff of experimenters. That is 
the one important lesson the work of the Joint 
Committee has taught up to the present time. 
The government now has at St. Louis a well- 
equipped laboratory where some work of this 
nature has been carried on. The importance of 
this work has led the President, it is understood, 
to appoint recently a committee of advisory engi- 
neers to supervise this research. The opportuni- 
ties at St. Louis are excellent for conducting the 
investigations which are so desirable, and it is to 
be hoped that Congress will furnish the means. 
It should be borne in mind that help is not asked 
for anything that private means and private serv- 
ices have been or might be able to secure, but 
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only for conducting the experimental work that 
experience has demonstrated to be beyond the 
reach of any laboratory without government help. 
And no assistance is requested in the labor of 
studying and digesting the information furnished 
by the results of these tests. In other words, Con- 
gress is asked to furnish only such help as it 
already affords through various executive depart- 
ments to other business interests of a national 
character, and this help is to be extended under 
the direction of an advisory board appointed by 
the President. If there ever was a legitimate case 
for asking federal assistance for a scientific or 
industrial object, this is certainly such an in- 
stance, 

A word should be said concerning the national 
character of the data it is desired to collect. In 
the large cities of the country concrete is now 
being used for buildings, bridges, sidewalks, 
sewers and other purposes to an extent that no- 
body foresaw ten years ago. On the railways it 
is becoming invaluable. But. its greatest service, 
in some respects, is on the farms of many parts 
of the country. In a few favored sections, where 
timber and stone are plentiful, the value of con- 
crete in rural districts is not apparent, but it is 
only necessary to consider the dairy buildings, 
cisterns, fence posts, silos and .other structures of 
this material which are coming into favor at an 
astonishing rate to appreciate what a boon con- 
crete is to the agricultural and dairying interests. 
In mining operations, also, it is just beginning to 
gain a foothold and nobody can foresee all the 
help it will afford in overcoming some of the 
problems of that industry. In many of the multi- 
fold uses to which it is put, concrete can be em- 
ployed without any very marked technical attain- 
ments on the part of the user, but in many new 
fields to which it is being applied accurate tech- 
nical knowledge is essential, and this knowl- 
edge can only come from _ the researches 
which it is hoped Congress will authorize at St. 
Louis. It should be added that these researches 
not only relate to subjects involving the nature 
of stresses and strains in beams and slabs, but 
also the effect of changes in the character and 
amount of the different ingredients of which con- 
crete is composed. It is understood that the ten- 
tative programme for the investigations is so laid 
out that when the work is done the information 
furnished by the tests will cover all experimental 
data of fundamental importance to the user of 
concrete in any part of the country. This in- 
formation can be distributed by the various pub- 
lications of different government bureaus, and can 
be used by the government officers and other em- 
ployes without any regard to the study of the 
data which will be made by the joint committee 
of technical societies. 

A further reason for giving federal assistance 
to this undertaking is that it is intended to have 
representatives of all government bureaus using 
concrete on the committee supervising the tests. 
In this way it will be certain that the special needs 
of every branch of government work will be rep- 
resented, and no bureau or department will be 
duplicating the work of another, as is the case in 
too many lines of government investigation. The 
great quantities of- concrete employed on the 
works under the direction of the War Department, 
the Reclamation Service and other branches of 
the executive administration in themselves war- 
rant Congressional assistance in these investiga- 
tions, apart from the importance of the work to 
public and private interests in all parts of the 
country. Congressional help will afford the de- 
sired data in accurate form in two years. With- 
out such assistance the information will be many 
years delayed in its appearance, and the dangers 
and extravagance that characterize many features: 
of concrete construction to-day will continue in- 
definitely. 
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The Sea-Level Plan for the Panama Canal. 


A careful examination of the report and plans 
of the majority of the Board of Consulting En- 
gineers to the Isthmian Canal Commission dis- 
tinctly conveys the impression of a broad treat- 
ment of the Isthmian Canal question. It may be, 
as the President said, that the foreign members 
of the Board were more or less influenced by 
European practice, but even if that be admitted 
it is quite possible that their resulting engineer- 
ing views regarding “convenient accommodation” 
of inter-ocean navigation at the Isthmus may be 
more nearly adequate to a proper treatment of 
this world question than if their experiences had 
been more contracted or limited to inter-lake or 
inter-lake and river problems. However that 
may be, the charge of narrow, foreign provincial- 
ism cannot be brought against any of the three 
American members of the Consulting Board who 
signed the majority report nor against the mem- 
ber of the Isthmian Canal Commission who favors 
a sea-level canal. 

A sea-level canal, i. ¢., an open, unthrottled 
ship waterway across the Isthmus, certainly has 
the advantage of being unobstructed. That simple 
fact cannot be denied. It may be claimed that 
“obstructions in the shape of locks, especially 
locks in series, are of such a nature as to be 
«capable of being turned to partial advantage and 
by some ingenious, albeit complicated, processes, 
even to give an increased freedom to navigation 
and capacity to the canal. Whén, however, the 
situation is cleared of all obscurity of involved 
arguments it is probable that even the most en- 
thusiastic advocate of a lock plan will admit 
that constricted sections of prism, through which 
no vessels can pass until the obstructions in the 
shape of gates are slowly removed, do not by 
themselves either increase freedom of navigation 
or the capacity of a canal, Nor, again, is it 
exactly clear to an engineering mind how, in the 
abstract, the lifting and dropping of ships through 
considerable heights by the agency of compli- 
cated lock machinery and the nicely adjusted op- 
eration of appliances subject to constant and im- 
minent danger of derangement can, after all, 
make a canal more safe for the passage of ships 
than that canal would be without such locks. 
Inasmuch as the Board’s report in favor of the 
sea-level canal is free from laborious arguments 
to show that locks and other constrictions and 
obstructions to navigation are not what they 
obviously seem to be, the general argument and 
treatment of the problem is clearer and more 
easily followed than in the minority report. 


One of the most prominent and interesting 
features of the plan is the control of the Chagres 
River, which is accomplished by the construc- 
tion at Gamboa of either a great earth dam 
with.a masonry core reaching down to bedrock 
or a masonry dam with the same foundation as 
the core wall. This great lake, with its water 
surface at a maximum elevation of 175 ft. above 
mean tide, receives all the flood waters of the 
Chagres above the point where that river cuts 
the canal line. It acts as a most effective sedi- 
mentation reservoir, so that none of the sediment 
above Gamboa can find its way into the canal 
prism. Controlling sluice gates of the Stoney or 
other type would permit the waters of Gamboa 
Lake to enter the canal prism at a maximum 
wate of 15,000 cu. ft. per second after a flood. 
As that volume of water would produce a cur- 
rent in the canal, if it all flowed one way, of 
only about a mile and a quarter an hour its 
effect upon navigation is negligible. 

All the tributary streams between Gamboa and 
the sea are either cared for by independent di- 
version channels or kept from entering the canal 
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by suitable dams where the topography of their 
water-sheds permit such treatment, or by means 
of settling basins before their waters enter the 
canal. All the streams between the Culebra 
Divide and the Pacific Ocean are similarly treat- 
ed. In this manner essentially all the sediment of 
the Chagres River and its tributaries and of oth- 
er streams is prevented from entering the canal 
prism, thus greatly reducing the cost of canal 
maintenance by practically eliminating dredging. 


The real problem of this plan is the excava- 
tion of the great cut through the continental di- 
vide known as the Culebra Cut, extending for a 
distance of about eight miles through the high- 
est part of the Cordillera. The Board, and it 
is fair to assume its minority as well, regards this 
part of the work as a matter of transportation. It 
is obviously simple and easy enough to excavate 
the earth and rock, but the real problem is one 
of transporting the excavated material from the 
excavators to suitable dumps or receiving places. 
This excavation and transportation problem ap- 
pears to have received careful and extended con- 
sideration by the Board. The details of the 
study are not given, but it is stated that the 
study has been made and that “it is as clearly de- 
monstrable, as any estimate of rate of progress 
and time for the completion of any great engi- 
neering work can be, that after the full instal- 
lation of plant not less than 100 steam shovels 
may be continually engaged until the 
amount of work remaining to be done becomes too 
small to afford space for the operation of the 
whole plant.” Further, “it can be demonstrated 
that as much as 20 million cubic yards of material 
classed as rock may be annually removed from 
the summit cut.” 

These estimates of rate of progress and of the 
consequent time required for the completion of the 
work are all based upon liberal allowances for 
the delays caused by the rainy season on the Isth- 
mus, by the demoralizing effect of the climate 
and by the inefficiency of the available labor, and 
upon a much lower average rate of excavation per 
steam shovel than has been shown by actual 
experience on the Isthmus to be the reasonable 
average capacity of those shovels. In this man- 
ner the Board shows that the entire tro million 
cubic yards of material in the great cut “can be 
rémoved within ten years.” As this excavation 
is the controlling element in the time required to 
complete the sea-level canal it is certainly rea- 
sonable to accept the majority estimate of the 
time of twelve to thirteen years for the attainment 
of a sea-level canal across the Isthmus, — 


The standard bottom width of the sea-level 
prism is 150 ft., with the side slopes of I ver- 
tical on 1.5 horizontal in firm earth, but in, hard 
rock its width is 200 ft. with practically vertical 
sides, the minimum depth of water being 4o ft. 
These dimensions are criticised by the minor- 
ity of the Board as producing a “narrow” water- 
way. The criticism, coupled with the failure of 
the minority to state the well-known dangers of 
submerged channel banks found to such large 
extent in its plan, is scarcely ingenuous. The 
limits of the sea-level channel are absolutely de- 
fined by the banks at the waters’ edge. In a large 
portion of the lakes of the minority’s plan, the 
limits of the channel are submerged and hence 
not visible. The difficulties of submerged chan- 
nels are by no means entirely avoided by buoys. 
The trouble which the submerged channels in 
St. Mary’s River and in Lake St. Clair have 
given to pilots is well known, although these 
channels are navigated many times each season by 
captains who know them as well as the streets in 
front of their homes. 

Just what additional width should be given to 


with. visible banks. 
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a submerged channel, over one not submerged, 
in order to secure equal safety to navigation, can 
scarcely be stated, but in order to attain that 
end the submerged channel should probably be 
not less than twice the width of the channel 
Ample experience in every 
maritime ship canal in the world has shown the 
entire safety for the navigation of sea-going ships 
in canals of much less width than that proposed 
by the majority of the Consulting Board. It 
is hypercritical to state that the ample dimen- 
sions proposed for the sea-level prism, great- 
er than any heretofore suggested for such a 
purpose, are such as to produce a narrow or to 
any extent a dangerous waterway. 


The criticisms made. by the Isthmian Canal 
Commission on the estimates of time and cost set 
forth in the Board’s report do not seem to 
be well based. It is to be remembered in this 
connection that the Commission practically served 
notice to the Consulting Board in the letter 
transmitting to the latter plans and papers for 
its action that a sea-level plan would find no 
favor in its councils. Under these circumstances, 
the Commission having practically recorded its 
pre-judgment against a sea-level plan, was bound 
to set up unfavorable criticism wherever pos- 
sible. The additions made by the Commission 
to the Board’s estimate of cost have little or 
no foundation, as both the unit prices and esti- 
mated quantities adopted by the Consulting Board 
are almost extravagantly full. It has already 
been shown in a previous issue that the excessive 
cost of maintenance charged against the sea- 
level plan is unwarranted, and as between the 
Commission’s estimate and that of the Board re- 
garding the matters of diversion channels and 
comparatively small diversion dams there is no 
doubt that the Board’s estimate may be safely ac- 
cepted. . 

The estimate of time made by the Board for 
the construction of the sea-level canal is cer- 
tainly liberal. The work required in the sea- 
level construction is simply digging and trans- 
porting the excavated material, the complete pro- 
gram for which can be laid out and prearranged 
with a definition and degree of certainty which 
in no wise attaches to the various classes of 
masonry, machinery and other work requiring 
great numbers of skilled laborers characterizing 
the lock plan. The Board’s estimate of time car- 
ries in it the most liberal allowances for all ele- 
ments of delay, as has already been set forth, 
and when 25 per cent. was added. to the time 
estimated upon such a liberal basis every pos- 
sible contingency was even more than abundantly 
provided for. There is far more reasonable ground 
for expecting the sea-level plan to be completed 
within ten or twelve years than that the lock plan 
can be finished within eight to nine years. The 
statement therefore that fifteen to twenty years 
will be required for the construction of the sea- 
level plan is thoroughly misleading and not war- 
ranted by any fair or judicial consideration of 
the elements on which an estimate of time should 
be founded. 


Philadelphia and Water Meters. 


Every city seems to have some topic upon which 
it is particularly sensitive, so that any public 
mention of it, except casual reference implying 
no expression of opinion, at once fills the daily 
papers with columns of communications from 
“Pro Bono Publico” and all the others. In Phil- 
adelphia, this subject, which must only be men- 
tioned after crossing one’s fingers, is water me- 
ters. Just why the people of the city are so 
unanimously and vigorously opposed, to this ex- 
cellent device nobody seems to know, but the 
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-verts for the cause he advocates. 


MArcH 10, 1906. 


fact remains that any suggestion for its intro- 
Possibly Major 
Gillette, the new chief of the Bureau of Filtra- 
tion, was not aware of this supersensitive feel- 
ing toward meters, or possibly he felt, like the 
other warrior who is now directing the police 
department of New York, that public opinion was 
none of his business, and his duty was to ad- 
minister the affairs of his bureau without regard 
to any outside conditions. So he has advocated 
“metering every consumer’s pipe, including city 
buildings and others that do not pay water rates, 
so that the record of the meters will check the 
record of the pumgs.” This has called out the 
criticism natural to expect in Philadelphia. 

In the outburst of criticism that this sugges- 
tion has aroused, it is gratifying to observe that 


‘Mr. John C. Trautwine, Jr., formerly chief of 


the Bureau of Water, has come to the aid of 
Major Gillette. Probably nobody else knows so 
well the needs of the Bureau of Water, the ad- 
vantages of a restriction of waste and the trend 
of thought of Philadelphians. In his letters to 
the daily papers he has brought forward argu- 
ments for restricting waste with a deftness and 
occasional touch of humor that must make con- 
This method 
of handling the subject is so good and the ob- 
ject to be attained so important, that it is grati- 
fying to observe and record Mr. Trautwine’s 
rally to the defense of the meter. Sew men who 
suffered. the experience he did during the last 
year of his public service would care to take up 
unofficially the unpopular side of such a question. 
The situation in the city is one that demands 
great tact in its handling, and any roughshod 
attempts to thrust a universal meter system on 
the people will probably result in the overthrow 
of the administration. .This fact ought to be 
kept in mind, not only because the present admin- 
istration is apparently animated by an honest de- 
sire to furnish the city with good government, 


but also because there is no real necessity for. 


a universal meter system in Philadelphia at the 
present time. This journal looks forward to 
such systems in most cities eventually, as soon 
as consumers learn by experience that the meter 
saves them money unless they are careless. There 
is a decided prejudice against the appliances at 
present, however, and the worst possible way to 
attempt to overcome it is to try to place a meter 
on every service. 4 

This journal confidently believes that it has 
done more than all other publications to spread 
a knowledge of the ways to prevent the waste 
of water. For a number of years its editor made 
special annual investigations in Europe of the 
methods followed there to prevent waste and 
the results of these investigations did a great 


“deal to prepare the way for the meter, an in- 


strument then in its infancy. Since that time 
it has been a consistent advocate of the legitimate 
use of meters, but it has yet to find any sound 
reason for such a wholesale introduction of them 
in defiance of very strong public sentiment as is 
now proposed in Philadelphia. A water meter 
has two distinct purposes. The first is to serve’ 
as a measuring device by which the amount of 
water used by a careful consumer is deterrnined, 
so that he need pay for only what he uses. The 
second purpose is to check waste by making the 
careless consumer pay for what he squanders as 
well as what he really uses. At the present time 
the waste of water in Philadelphia is far more 
important than any other consideration. This 
waste is probably taking place on less than twen- 
ty-five per cent. of the services, and does not 
amount to very much in a considerable number 
of those cases. In a report made by Mr. Traut- 
wine in 1898 he advocated placing “about 45,000 
meters, or enough to provide for all our manu- 


facturing establishments and about one-fifth of 
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our dwellings.” That is as many as there is any 
real necessity for installing in the city now, but 
there is decided need for that quantity. 

The city’s filtration works have cost large sums 
to build and will cost considerable money to 
run and maintain. These charges added. to the 
cost of the water as formerly supplied will make 
the actual expense to the city for delivering a 
filtered supply quite heavy. Every citizen should 
have all the water he needs in his home and in 
his place of business at its actual cost to the city, 
but he should not waste any unless he pays for it. 
The meter is the instrument which makes this 
system of payment possible. Four-fifths of the 
people of the city do not need to have their 
services metered except as a convenience to them- 
selves. One-fifth of them are wasting enormous 
quantities of water and the places where they 
live must .be inspected and metered until the 
waste is stopped, if the citizens do not wish to 
drink some unfiltered water or to spend millions 
of dollars for the immediate construction of new 
filters not yet planned. » There is no alternative. 
Either four-fifths of the people must be heavily 
taxed for the carelessness of the wasteful one- 
fifth or the waste must be stopped by meters. 
Even if the latter course is adopted, which should 
be the case, there is no need for a universal 
metering of the service pipes, and the opposition 
to such a plan is not only in keeping with Phila- 
delphia traditions but entirely justified by the 


-present condition of the water works and the 


finances of the city. 
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Notes and Comments. 


Tue PENSION OuTLAy of the Pennsylvania R, 
R. Co., during the six years~ending Dec. 31, 
1906, amounted to $2,004,087.59, exclusive of the 
expenses of managing the department. During 
the period covered by these figures, 2,700 em- 
ployees have been retired as pensioners. under the 
rules of the’ company, and 800 of these men have 
since died. . Of the total number, 688 were be- 
tween the ages of 65 and 69, and 546 of them 
were retired on their own request with the ap- 
proval of the employing officer, 


Tue AMERICAN SOocIETY oF CtviL ENGINEERS, 
through its Board of Direction, has taken a step 
that both American and foreign professional so- 
cieties -have long debated, by admitting to its 
membership a woman qualified for one of the 
lower grades. This young woman is a graduate 
of the civil engineering school of one of the 
large universities and has lately been doing good 
work in the drafting department of a leading 
bridge company. She is qualified in every re- 
spect for admission to the society, under its rules, 
and the Board very wisely admitted her. There 
should be no objection to this on the part of the 
membership. There is considerable work of a 
technical nature done in all large offices that wo- 
men can perform very efficiently. It is the gen- 
eral testimony of employers of large numbers of 
persons on work requiring careful attention to 
details, that women give better satisfaction than 
men, so long as the work is not beyond their 
knowledge. There is every reason to welcome 
their presence in office positions requiring tech- 
nical knowledge, as soon as they have that knowl- 
edge, and if their education and work justify 
their admission to technical societies the latter 
ought to welcome them gracefully or make haste 
to change their constitutions so as to prevent 
the dreaded female invasion. 


Tue Potrution or New York Bay is a subject 
that has received the careful attention of many 
engineers, particularly those connected with the 
New York Bay Pollution Commission. This 
body, appointed in 1903 by the Governor of New 
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York, presented a report which was reviewed at 
considerable length in this journal on May 6 
of last year. The main lesson the commission 
drew from its work was that more investigations 
were needed before any adequate solution of the 
problem involved in the discharge of sewage into 
the bay should be attempted. Further considera- 
tion of the subject has strengthened the commis- 
sion in this opinion, and it accordingly is urging 
the passage of a bill authorizing the Governor to 
appoint a new commission, the private members 
of which will be suitably compensated, for the 
purpose of continuing the investigations, and, in 
association with representatives of the State of 
New Jersey, of formulating some plan for inter- 
state sewerage control. By the time some scheme 
for such control has been worked out, it is ex- 
pected that the necessary data for definite action 
can be acquired. This plan has much to com- 
mend it. The information concerning the condi- 
tions in the bay as well as the general subject 
of the discharge of sewage into such bodies of 
water are too indeterminate at present to warrant 
any very positive decisions concerning the pollu- 
tion of the harbor. To collect the information 
that is needed will probably require about two 
or three years’ work. This can be done most 
satisfactorily by means of a staff of paid assist- 
ants working under the general direction of 
competent specialists who are members of the 
proposed commission. These specialists need not 
put much of their time on the work of super- 
vision, and their charges need not be very high 
in consequence. Other members of the same body 
could give more attention to devising some or- 
ganization for an interstate metropolitan sewer-, 
age commission. The State of New Jersey al- 
ready has two commissions, the State Sewerage 
Commission and the State Riparian Commission, 
which might be delegated by the Governor to 
assist in this work, 

Tue PENNSYLVANIA R. R. TermMInat in New 
York is discussed as follows in the annual re- 
port of Pres. Cassatt, made public on Feb. 28: 
“The construction of the tunnel line into and 
through the city of New York has been stead- 
ily prosecuted during the year. All the real es- 
tate required for the terminal station has been 
purchased and also the greater portion of that 
needed for the terminal yard in Long Island 
City. On the section between Newark and the 
Hudson River, the drawbridge over the Hacken- 
sack River is under contract, and the work on the 
Bergen Hill tunnel, which is being driven from 
both ends, is to be further expedited through the 
central shaft from which headings are driven in 
both directions, In the North River tunnels, the 
shields are at work on both sides of the stream, 
and it is confidently expected that they will be 
connected and the iron lining in place before the 
end of the year. The excavation for the station 
site and the building of the retaining walls are 
steadily progressing; the power house from which 
the terminal station will be operated is under con- 
struction, and the tunnels under the city of New 
York are being driven westward from the main 
shaft at First Ave. and also in both directions 
from the intermediate shafts located on 32d and 
33d Sts. between Fourth and Madison Aves. On 
the East River section, the shields on the Man- 
hattan side are in place and working towards the 
river; and, while the shafts on the Long Island 
side are not yet completed, a considerable amount 
of work has been done between those shafts 
and the eastern portal of the tunnels in Long 
Island City. The power house in that city is in 
service and is supplying the electric lines of the 
Long Island Railroad. Nothing has occurred to 
seriously delay the progress of the work or to 
suggest any special difficulties in carrying out 
the general scheme of construction.” 
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THE NOVEL METHODS OF EXCAVATING BUILDING SITES 
IN CHICAGO. 


The opening of the subway freight tunnels of 
the Illinois Tunnel Co. in the downtown business 
districts of Chicago has provided a most eco- 
nomical method of disposing of the material 
from the excavations for the footings and the 
basements of new buildings in those districts. 
The methods of carrying on these excavations, 
and even the methods of erecting the structures 
for which such excavations are made have also 
been changed in a great measure in a number of 
cases since the service offered by the tunnels 
has been available. Something over 40 miles of 
tunnels have been completed in a district about 
2 miles long by 1.5 miles wide, the center of 
this district lying practically at the center of 
the most congested business portion of the city, 
in the vicinity of the new government building. 
Most of these tunnels carry a single 24-in. gauge 
track and are about half oval in cross-section, 
being 7.5 ft. high and 6 ft. wide in the clear, with 
an arched roof and a flat floor. They are gen- 
erally about 40 ft. below the street surface. Their 
construction is carried on in such a manner as 
to avoid any possibility of causing settlement of 
the buildings along the streets under which they 
pass. 

A tunnel is built under nearly every one of 
the streets in the district covered. The build- 
ings to be served are connected with the tunnel 
in the adjoining street by various arrangements 
of switching branches, depending on the service 
required. Two general methods of handling the 
material from the excavations for new buildings 
have been followed in the work that has been done 
thus far. One of these is to first remove the 
structure on the site and then sink an inclined 
shaft from the basement of the old building toa 
by-pass connection with the tunnel. The excavated 
material is dumped down this shaft directly into 
cars on the track in the by-pass. The other 
method is to provide a similar connection with 
the tunnel and to make the greater part of the 
excavations for and build a large portion of the 
footings of the new building before the old one 
on the site is torn down. Both of these methods 
have been varied in details to suit local condi- 
tions. The greatest advantage from a construc- 
tion standpoint in making use of the tunnels in 
removing the excavated material is that the build- 
ing contractors can proceed with other work 
without being interrupted by the teams which 
are required in hauling away the material if the 
tunnels are not employed. Again, the usual ob- 
struction to traffic in the streets adjoining build- 
ings under construction is almost entirely re- 
moved until the erection of the superstructure 
of the new building has been started. 

The character of the foundations in the busi- 
ness district of Chicago where the majority of 
the tall buildings has been erected have been 
discussed very fully in this journal at various 
times. The value of the tunnels in connection 
with building construction may be shown better, 
nevertheless, by a brief reference to the nature of 
the foundations on which this part of the city is 
largely built. Bed rock lies at a depth of 90 to 
120 ft. below the original surface in the district 
under which the tunnels have been constructed. 
The original surface was a swamp. . The pres- 
ent grade of the city is 10 to 14 ft. above this 
old swamp and 14.5 ft. above the normal level of 
Lake Michigan. The grade was raised with vari- 
ous kinds of filling material. From the bottom 
of this filling to within 16 ft. of bed rock quick- 
sand, loam, several kinds of clay, an occasional 
pocket of gravel and boulders reaching 8 to 10 
tons in weight, are encountered. The clay is 
largely of a blue variety, which, carries consid- 


erable water and has about the same consist- 
ency as stiff putty. It has considerable carry- 
ing capacity when confined, many of the larg- 
est buildings in the city being built on float 
footings on it. Below all of these varying ma- 
terials is a stratum of hardpan overlying the 
bed rock. 

The more recently built tall buildings in the 
city have been erected on concrete footings car- 
ried down to bed rock, These footings are spaced 
as required under the side walls and under the 
principal columns of the building. They are made 
from 5 to ro ft. in diameter and are belled out 
at the base to provide additional bearing on the 
bed rock. It is in the excavation of the open 
caissons in which these footings are built and 
the taking out of the material which has to be 
removed in making new basements that the tun- 
nel has proved specially valuable. 

A typical example of the general method of 
making the excavation after the existing building 
on the site of the new structure has been partial- 


VoL. 53, No. Io. 


smooth to avoid intercepting any of the materials. 
The entire excavation for this building amount- 
ing to more than 18,000 cu. yd. was removed in 
this manner without teams and wagons after the 
tunnel connection had been made. The construc- 
tion of retaining walls around the sides of the 
basement.of the building and the placing of con- 
crete in caissons already sunk were carried on 
without beimg interrupted by the necescity of 
wheeling the excavation from otaer parts of the 
basement or from other caissons to the tunnel 
chute, \ 

The differences in the methods of prosecuting 
work under similar conditions on other buildings 
where the general method has been employed 
are simply in the details. As high as 2,100 cu. yd. 
have been removed through the tunnel from one 
basement in 24 consecutive hours by this arrange- 
ment. The best record by teams and wagons in 
removing material from excavations for base- 
ments and from caissons for buildings in Chi- 
cago, was 420 cu. yd. in 24 consecutive hours. 
This latter method required the contractors to 
stop all overhead work in order to secure these 
results. It also practically blockaded half of the 
street on which the work fronted. Both of these 
expensive and objectionable conditions are re- 


Majestic Building Foundations Showing Chute Leading to Tunnel. 


ly or entirely razed is the Majestic Theatre build- 
ing. This building is 72x192 ft. in plan and 20 


stories high. It is built on a number of the con-. - 


crete footings carried down to rock in the us- 
ual manner. One of the tunnels is built 42 ft. 
below the center of the street on which the build- 
ing fronts. A turnout connection is made from 
the bore of the tunnel, joining the latter at both 
ends. The outer line of the turnout is just in- 
side the curb line of the street. An inclined 
chute, 4 ft. in diameter, was built from the 
floor of an areaway under the sidewalk and 
level with the basement floor, down to the turn- 
out. This chute was lined with steel sections 
to prevent caving and leakage of water. The 
steel lining passed through the concrete arch 
roof of the tunnel and ended just inside the in- 
trados of the arch. 

The material excavated from the caissons was 
hoisted up in buckets and dumped into wheel- 
barrows. The wheelbarrows were run to the 
mouth of the chute and the material dumped in- 
to the latter from them, passing directly into a 
car on the track in the tunnel turnout below. 
The lining of the invert of the inclined chute 
to half way up the sides was made perfectly 


moved where the excavation is removed through 
the tunnel, 


The general method of carrying on the excava- - 


tions for new buildings under old structures on 
the site before the latter are removed is well il- 
lustrated in the work that is now being done on 
a new store building that is about to be erected 
for Marshall Field & Co. The retail establish- 
ment of this firm occupies an entire block, 342x 
385.5 ft. in plan, with the exception of a small 
8-story building at one corner. The new build- 
ing is on a corner of the block and will be 150 
ft. square in plan, It will have 12 stories above 
the street grade and 3 below that grade. The 
remainder of the block is occupied by practi- 
cally new buildings, with the same number of 
stories above and below grade, except a 9-story 
building on the corner adjoining the new build- 
ing. When the building now under construction 
is completed the retail establishment will have an 
area of about 33 acres devoted to merchandising. 

The site of the new building is at present oc- 
cupied by an 8-story building in which a very im- 
portant part of the retail store is located. The 
new building will be carried by 59 circular con- 
crete footings, 6.25 to 10 ft. in diameter, car- 
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ried down to bed rock. The bottom of the lower 
Sub-basement of the building will be at approxi- 
mately the level of the tunnel, 4o ft. below the 
street grade. The bottom of the basement of 
the existing building was only 9 ft. below the 
latter grade. In order to provide room for the 
two basements below that level and to make the 
excavations in the caissons in which the concrete 
footings will be built, more than 35,000 cu. yd. 
of material will have to be removed. 

This material will be taken out entirely 
through the tunnels. Before the present build- 
ing is vacated or torn down 29 of the excavations 
for the concrete footings will be sunk and those 
footings built. The present basement floor level 
will also be lowered 5 ft. at the same time. A 
connection has been made with the tunnel simi- 


“lar to the one at the Majestic Theatre building, 


and the materials from the excavation are being 
removed through it about the same as they were 
removed from that building. The concrete foot- 
ings that are to be built before the old building 
is torn down are those which will carry interior 
main columns of the steel frame of the new struc- 
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in the same manner. The remainder of the exca- 
vation is carried on in about the same way, un- 
less quicksand is encountered. 

The loads from five of the columns of the old 
building were transferred to the underpinning 
about the same time. The excavations for the 
five new footings on these sites were begun and 
were carried down practically at the same time. 
When these excavations were about half way 
down to rock, five more columns were under- 
pinned and five more excavations commenced. 
The plan was thus to keep about this number of 
excavations under way in order to permit the 
maximum amount of construction to be carried 
on at the same time without the work on adja- 
cent caissons conflicting. 

The material taken out of the first few feet 
of each excavation is usually hoisted to the sur- 
face by a hand windlass in a bucket with about 
the same capacity as a wheelbarrow. After the 
excavation has reached a depth where the speed 
in handling these buckets is a factor in the pro- 
gress, an electrically driven hoist, designed by the 
contractors and built by the Monagan Engineer- 
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tunnel company enough extra wheelbarrows are 
provided to keep the excavation in progress if 
intervals occur between the placing of trains in 
the tunnel by-pass to which the dumping chute 
delivers. 

The 9-story building adjoining the 8-story one 
on the site of the new structure, although built 
in 1892, is on float footings. Five of these float 
footings along the abutting lines of the basement 
under the two buildings are being removed and 
will be replaced with concrete footings carried 
down to rock. The columns carried by the foot- 
ings to be removed rest on the usual steel shoes. 
The shoes rest directly on pieces of railroad rails 
imbedded in concrete. Transverse to and un- 
der these pieces of rails are six to fifteen 14-in. 
I-beams, 14 ft. long, which rest on a second lay- 
er of 14-in. I-beams, 18 ft. long, placed trans- 
versely to them, and the second layer of beams 
is carried by a third layer 22 ft. long. The I- 
beams are all also imbedded in concrete. These 
footings have to be entirely taken out and re- 
placed by circular concrete footings carried from 
bed rock up to the grade of the basement floor 
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ture. Most of these footings come directly under 
the columins which carry the floors of the build- 
ing now on the site. Before the excavations for 
these can be started, the columns of the old 
building have to be shored and the loads on the 
columns carried by the shoring. 

The distance between the foot of the front 
sides of the two sets of cribbing carrying the 
ends of the four I-beams which directly support 
each of the columns of the old building tempor- 
arily, varies considerably. This distance neces- 
sarily must be sufficient to permit the excava- 
tion for the new footings to be made and for 
the concrete of the latter to be placed without dis- 
turbing the shoring. As soon as the old ma- 
sonry footing of each column has been taken out, 
the excavation for the new footing which is to 
occupy the same site is commenced. When a 
depth of 3 ft. has been reached in the excavation 
a circular sheeting made of 2x6-in. tongue and 
grooved plank, banded with two 34x3-in. iron 
strips, is placed around its sides. The material 
is then removed to a depth of 5 to 6 ft. below 
the bottom _of this sheeting and sheeted again 


ing Works, is used. This hoist has a regular 
drum controlled by a friction clutch on a gearing 
attached to the motor shaft. A spool is also op- 
erated by the motor through this gearing. The 
buckets in two excavations can be handled by 
each machine, The electric hoist is practically 
‘the only economical method that can be used 
while the building overhead is occupied, and has 
an additional advantage in that it requires very 
little room in the crowded space where so many 
operations are being carried on at the same time. 

When the buckets reach the surface at the 
mouth of the caisson they are dumped on shov- 
eling boards and the materials handled between 
the latter and wheelbarrows by hand. The wheel- 
barrows are run on plankways laid from the 
shoveling boards to the mouth of the chute lead- 
ing down to the tunnel. The plankways can Le 
placed so as to suit the conditions of the other 
work in progress. The wheelbarrows on them 
are more feasible for handling the material un- 
der the circumstances than any arrangement of 
tracks and cars that could be obtained. In or- 
der not to require unnecessary service of the 


of the old nine-story building, 13 ft. below the 
street. 

All of the new building sub-structure work 
which has been referred to is in progress at the 
same time, and while business is carried on 
without interruption on the 8 floors of the 
building overhead. The only indication on the 
surface of the work that is being done is two 
10xI2-ft. shaft houses in the sidewalk along one 
street front of the building. The supplies need- 
ed for the shoring and the concrete materials are 
taken in through these houses, mostly at night. 
The service available in the tunnel, of course, 
alone made possible this method of prosecuting 
the work. 

The contractors for the construction of the 
footings of the new building and the removal of 
the present structure, Wells Bros. Co. of Chi- 
cago, started work on the excavations for the 
new building, Feb. 6. It is expected that 29 cais- 
sons which are to carry the interior columns of 
the new building will be completed and the ex- 
cavation for the basements of the latter carried 
down as far as feasible by April 15. The old 
building will then be vacated immediately and 
will be wrecked by May 10, after which the foot- 
ings are to be completed and the new building 
erected by Oct. 1, next. Although the rate of 
progress required to achieve such results is rapid, 
the contractor for the substructure work has done 
most of the work of the same nature in Chicago 
that has been carried on with the assistance of 
the tunnel service and is confident the time limit 
need not be exceeded. 

The excavation for the basements and foot- 
ings of an addition to Mandel Bros.’ store, an- 
other large’ retail establishment, amounting to 
42,000 cu. yd., was removed through the tunnel 
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in a somewhat different manner. This addition 
is 82x155 ft. in plan and has three floors below 
and 12 floors above the street grade. The site 
was occupied by 3 and 4-story brick buildings 
in which business was continued until the. foot- 
ings and the excavation for the new building 
had been completed. A by-pass connection was 
made with the tunnel under the adjoining street. 
Toward one end of this by-pass a connection, 
at right angles to the tunnel under the street, 
was extended beneath the street front end of the 
site. The floor of the third sub-basement of the 
new building is 45 ft. below the street grade. A 
strip of excavation about 25 ft. wide across the 
front of the building was carried down to the 
floor level of the lowest basement by dumping 
the materials taken out through a chute which 
discharged into the tunnel cars placed in a man- 
ner similar to the arrangement described in con- 
nection with the other two buildings. After this 


pememrgren (Nemes et) | 


Washi neTon St. oe Use es 


HOLDEN 
Wasasy 


Marce/ Hf ' 

i 

Bros NS 

i 

' 

2 ee | ' 

are lg 
MADISON St. ose 


Map showing location of connection at 
Mandel Bros. 


THE ENGINEERING RECORD. 


tunnel company agreed to furnish free 1,000,000 
cu. yd. of the filling material necessary in mak- 
ing the new park if the privilege of extend- 
ing the incline track from the tunnels across a 
portion of the park already completed be extended 
to it for 1% years. Approximately 600,000 cu. 
yd. of material, mostly from excavations, have 
already been hauled out and dumped on the new 
park site. 

The tunnel system of the Illinois Tunnel Co. 
was built by the Illinois Telephone Construction 
Co., Mr. George W. Jackson, general manager 
and chief engineer. The operation of the tunnels 
is also under the supervision of Mr. Jackson as 
general manager and chief engineer of the IIli- 
nois Tunnel Co. 


A Transmission Line River Crossing. 


A long-span river crossing for a high-volt- 
age transmission line has recently been con- 
structed across the Niagara River on the 12,000- 
volt transmission line from the Ontario Power 
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The Gatun Dam of the Panama Lock 


Canal Project. 


Extracts from the Minority Report of the Board of Con- 
sulting Engineers for the Panama Canal. 


The controlling feature of the project witi 
summit level at El. 85 is the earth dam across 
the Chagres at Gatun. The object of this dam 
is to form a great reservoir, or inland lake, in 
which the floods of the Chagres will be received 
and from which the surplus water will be: dis- 
charged through ‘sluices and the height of water 
in the reservoir regulated. Lake Gatun will be 
about 110 sq. miles in area and will form the 
summit level of the canal. The lake will also 
serve to impound water for lockage and other 
purposes during the dry season and to give free, 
open navigation in a broad waterway all the way 
from Gatun to Obispo. Every lock plan hereto- 
fore recommended for a Panama Canal has in- 
cluded a dam across the Chagres, thereby pro- 
viding for lake navigation for a portion of the 
distance across the Isthmus. All of the official 
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Arrangement of Tunnel Connection, Mandel Bros. Store. 


strip was removed to grade the tunnel track 
was extended into the building. The excavated 
materials were then dumped directly into the cars. 
Twenty-nine of the footings under this building 
were built in 28 days, each requiring on the aver- 
age 200 cu. yd. of excavation and the same amount 
of concrete. Mr. W. F. Lampman was super- 
intendent for the contractor on this building and 
also has charge of the work on the Marshall Field 
building. 

The material from the excavations is handled 
through the tunnels to an incline along the shore 
of Lake Michigan. The incline extends to the 
surface and across the tracks of the Illinois Cen- 
tral R. R., which parallels the lake, to an area 
that is being reclaimed to form a park along the 
business portion of the city. The general scheme 
of this park project and a concrete retaining wall, 
6,100 ft. long, which the Illinois Central R. R. 
has built in connection with it, were described in 
The Engineering Record for Jan. 27, 1906. The 


Company’s station on the Canadian side to Syra- 
cuse, N. Y., a distance of 157 miles. There are 
three three-phase circuits, each with three alumi- 
num conductors of 19 No. 5 wires. At the river 
crossing they are carried on towers near the 
water’s edge, 600 ft. apart. These are A-shaped 
structures of heavy steel construction, 55 ft. high, 
set on concrete piers. Where the cables pass over 
the edges of cliffs on either side of the Niagara 
gorge they are supported by steel cantilever arms 
projecting out from the sides of the bank. 


THe Maximmian Bripce at Munich, having 
two three-hinged masonry arches of 145 ft. span 
and 16-ft. rise, settled so much when the centers 
were struck that the surfaces of the hinges slipped 
past each other, preventing their operation as in- 
tended. The comments on the accident in for- 
eign technical papers indicate that the thrust on 
the hinges and their unusual design proved inade- 
quate to distribute the strains as intended. 
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Looking South - 


reports have recommended that the dam 
be placed at Bohio, where the valley is nar- 
row, but Gatun has also been mentioned 
as a site which would be advantageous if 
the feasibility of building a dam and locks 
at this place at a reasonable cost were established. 

Since the United States has taken charge at 
the Isthmus the Isthmian Canal Commission has 
had many borings made at and near these two 
sides. Those at Bohio, which are especially com- 
plete, show a greater proportion of water-bearing 
porous material than had previously been found. 
The maximum depth to the rock on the most 
feasible line for a dam at this place is 165 ft. 
below sea level. The borings made prior to Sep- 
tember, 1905, at and near Gatun showed nearly 
everywhere an admixture of sand with clay and 
impervious material, with a maximum depth to 
rock of 204 ft. below sea level. Many of the 
borings, even those at considerable depths, en- 
countered shells, wood and vegetable matter, 
all tending to show that the material had been 
deposited in currents too sluggish to transport 
gravel and other coarse material. 

The borings were “water jet” or “wash drill” 
borings, made by first driving, when necessary, 
an iron pipe having an inside diameter of 2 or 2% 
in. and then inserting a smaller pipe through 
which a jet of water was forced, washing the 
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material in the larger pipe through the annular 
space between the two pipes to the surface of 
the ground. It was characteristic of these bor- 
ings, and also significant, that in many cases it 
was not necessary to drive any casing; or, if 
one was driven, it was not necessary to drive 
it to the full depth, as the material contained 
enough clay to sustain the sides of the hole with- 
out the casing. Of 27 borings made before Sep- 
tember with reference to the location of a dam 
at or near Gatun, no casing was used in 13 holes; 
in 3 other holes the length of casing did not ex- 
ceed 20 ft., while in the remainder the lengih 
of casing ranged from 28 to tor ft, but in ma 
instance was the casing driven much more than 
halfway down to the bottom of the hole. 

The depth to rock was shown to be so great, 
both at Bohio and at Gatun, that it would be 
costly and difficult in either case, if not imprac- 
ticable, to excavate to the rock or to provide any 
efficient cut-off or stop-water extending from 
the surface of the ground to the rock; and if a 
dam were to be built without such cut-off the 
borings showed clearly that there would be less 
seepage beneath a dam built at Gatun than at 
Bohio. 
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swifter than existed when the upper 200 ft. of 
the alluvial material was deposited. In the upper 
200 ft. some of the latter borings show fine sand, 
while other borings near by show clay at the same 
depths, indicating, as do previous borings, that 
the upper 200 ft. is practically impervious ma- 
terial. There was an outflow from:several of the 
borings which penetrated the gravelly material 
in the bottom of the deep gorge, although the 
tops of the casings were above the surface of the 
river. This showed conclusively that there was 
no near connection with the bed of the river; 
in other words, that the material covering the 
sand and gravel was impervious for a long dis- 
tance. , 

A sample of the material washed from the 
ground during the boring operations, which had 
been collected in a pail without allowing any of 
the fine material to escape, was shown to the 
Board during its visit to the Isthmus. This sam- 
ple showed material of sizes varying from sand 
to the very fine particles of clay which settled 
last and formed an impervious film over the sur- 
face of the coarser material deposited in the bot- 
tom of the pail. The samples of sand which had 


been obtained up to the time of the visit of the 


Tunnel Connection and Electric Locomotive in Basement of Mandel Bros. Store. 


In addition to the’ borings the commission had 
caused topographic surveys to be made at the site 
of the dam, which showed what was apparently 
an excellent site for locks on the high ground 
back of Gatun, and a suitable site for a diversion 
channel for conveying the water of the Chagres 
during the construction of the earth dam and for 
regulating works to control the discharge of 
surplus water from the lake to be formed by the 
dam. ii 

Few borings had been made at the exact site 


selected for the dam, and none had been made at, 


the sites selected on the high lands for the locks 
and the regulating works. The commission was 
therefore requested by the Board to have some 
additional borings made, both on the high lands 
and in the valleys, and also some additional topo- 
graphic surveys. There ire two deep depressions 
or gorges in the rock (see Eng. Record, Feb. 24, 
Pp. 215), which have-been filled with alluvial ma- 
terial. The deepest boring penetrated this ma- 
terial 258 ft. before striking rock. The lower 50 
to 60 ft. of the material in the deepest gorge was 
found to be for the most part porous sand and 
gravel, which was undoubtedly deposited at a 
time when the currents through the gorge were 


Board were fine, much more so than samples from 
borings at the Bohio site. 

We believe as a result of the borings which 
have been made that if a large earth dam were 
to be built at Gatun, there would be no appreciable 
seepage under the dam, owing to the practically 
impervious nature of the material on which it 
would rest and to the fact that the more pervious 
material found at the bottom of one of the gorges 
in the lower 50 ft. is covered by a blanket of prac- 
tically impervious material 200 ft. thick. : 

The borings on the high ground, at the site of 
the locks, the regulating works, and elsewhere, 
showed generally soft clay to a depth of 20 to 30 
ft. below the surface, where indurated clay—a 
soft but compact rock—was found. 

In making the design of an earth dam at Gatun 
it was thought best to provide a dam which 
could not be destroyed by any of the forces of 
nature, and which could only be destroyed by 
making excavations which would require a large 
force working for a long time. The cross-section 


‘of the dam has been given the unprecedentedly 


large dimensions shown on page 217 of The En- 
gineering Record of Feb. 24. Its ‘top is 50 ft. 
above the water level in the lake and too ft. 
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wide; at the water level the distance through the 
dam is 374 it., and at sea level the corresponding 
distance is 2,625 ft., or one-half mile. 

It is intended that the downstream toe of the 
dam for about 200 ft. shall be composed of rock 
obtained from excavation in the canal prism, so 
that if there should be any seepage of water 
through the dam there will be material at the 
toe which cannot be washed away. The lower 
part of the dam, up to El. 50, or even to EI. 80, 
is to be made from material dredged from the 
canal between the Gatun locks and Limon Bay, 
pumped by a suction dredge into the dam, the 
process being similar to the sluicing process em- 
ployed in the construction of some important dams 
in the western part of the United States. By 
this process it is feasible when using a material 
like the alluvial material at Gatun, which con- 
tains both coarse and fine material, to separate the 
two and to deposit the coarser material toward 
the downstream slopes, forcing the finer material 
to the extent desired into the upstream portion 
of the dam. An embankment built in this way will 
be water-tight. 

For the upstream slope rock obtained from 
canal excavation will be dumped as riprap, care 
being taken to provide an ample thickness at and 
near the level where the dam will be exposed 
to wave action. 

The portion of the dam above El. 80 will be 
built of impervious material to a few feet above 
the water level, and at higher levels may be 
made of either earth or rock, as most convenient. 
It is expected that for the upper part of the 
dam spoil from the Culebra cut will be used. 

While earth dams are in common use, and in 
many cases support greater heads of water than 
would exist at the proposed Gatun dam, it will 
be argued by many that in a great work like the 
Panama Canal nothing should be trusted but 
the most massive masonry dam on a solid rock 
foundation. At Gatun the rock lies at so great 
a depth that a masonry dam thus founded is 
impracticable, and without such foundation a ma- 
sonry dam would be most unsuitable. It seems 
desirable, therefore, to enter to some extent into 
the discussion of the stability of the proposed 
earth dam. 

Stability of an Earth Dam—lIt is obvious that 
if a dam of this kind is to fail some part of its 
length must be pushed away bodily, or the earth 
of which it is composed must be carried away 
by currents of water. There are no other nat- 
ural forces which can materially affect the sta- 
bility of the dam. The horizontal pressure of the 
water in the lake per linear foot of dam is less 
than one sixty-third of the weight of the dam per 
linear foot, a pressure so small that it is obvious 
that it cannot move the whole mass, and there is 
left, therefore, as the only way in which a dam 
of this kind may fail, the carrying away of its 
parts by a current of water. The currents of 
water requiring consideration are those resulting 
from the action of the waves, from the rainfall, 
or from seepage through the dam. 

The feasibility of protecting the face of the 
dam from the action of waves will hardly be ques- 
tioned. The effect of the rainfall can easily be 
provided for, particularly on the main down- 
stream slope, which falls but one foot in twenty- 
five. 

It is impossible for water to flow over the top 
of a dam that is raised 50 ft. above the water level, 
and if the dam and the underlying material were 
strictly impervious there would be no water from 
the lake passing through it. On the other hand, 
if the material in or under the dam is somewhat 
pervious, there will be some water passing through 
which will appear at the surface, either imme- 
diately below the dam or toward the lower por- 
tion of the down-stream slope. The amount of 
water which will pass through somewhat pervious 
material in or under a dam depends upon the 
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relation between the total head and the distance 
through the dam, and not, as is sometimes as- 
sumed, upon the total head against the dam. 

If two dams are built under similar condi- 
tions, except that one has a thickness five times 
as great as the other, then there will be at the 
dam having the greater thickness only one-fifth 
as much seepage as at the other; that is to say, 
other things being equal, the seepage through a 
dam will be substantially in proportion to the 
depth of water against the dam, divided by the 
distance through the dam, giving what may be 
called the hydraulic gradient or slope of the line 
of saturation, which in this case does not exceed 
four per cent. 

There have been many experiments on the ver- 
tical and horizontal filtration of water through 
various kinds of materials and with various hy- 
draulic gradients. Some of these were made at 
the Lawrence Experiment Station of the Mas- 
sachusetts Board of Health and others were 
made at the Wachusett reservoir of the Metropol- 
itan Water Works, in Massachusetts, in connec- 
tion with the construction of a dam similar to 
that proposed at Gatun. These experiments were 
made with materials of uniform character, through 
which more water would filter than through ma- 
terials containing fine and coarse particles of the 
same average degree of coarseness, such as those 
found at the site of the Gatun dam, and they fur- 
nished results which confirm the statement al- 
ready made that there would be no appreciable 
seepage under this dam. 

If, however, a condition which does not exist 
be assumed, and all of the alluvial material be- 
neath the embankment of the dam were con- 
sidered to be a clean and reasonably uniform sand 
of medium size, the total amount of filtration 
would then be for the whole length of the dam 
only about 10 cu. ft. per second. Even this 
amount, which is much larger than would ac- 
tually exist, is insignificant, and is less than one- 
half of one per cent. of the water supply avail- 
able in the driest season. 

Few engineers who have been connected with 
the filtration of city water supplies would hesitate 
to provide works which would permit the amount 
of water above stated to rise to the surface with- 
out carrying with it any of the earth, because they 
have a much more difficult problem in connec- 
tion with the downward filtration of water, where 
the works must be so built that the sand will not 
be carried down with the water. The method 
followed in water filtration is to place coarse 
stones at the bottom of the filter and to cover 
these stones with finer and finer stones, and then 
with coarse sand, in order to retain the finer 
sand used for filtration. It is a simple operation 
to build the reverse of such a filter, which will 
permit the water to rise from the ground with- 
out carrying the earth with it. 

It is not. expected that there will be enough 
seepage through the Gatun dam to require any 
special treatment, but if there should be it could 
readily be taken care of by the method indicated, 
which has already been used with success in con- 
nection with a dam built of sand on a sand and 
mud foundation at- Jeypore, India. 

Upward filtration occurs frequently in nature, 
where water comes from springs near the base of 
hills, often in sandy or gravelly material, with- 
out carrying with it any appreciable quantity of 
earth. 

Many small earth dams and levees have failed, 
owing to a passage being made through them by 
some burrowing animal, or by the water follow- 
ing some pipe or other structure built through the 
dam, but in the present case it is not proposed to 
lay any pipe or other structure through the dam, 
and a burrowing animal could not burrow through 
where the shortest distance at the water line is 
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It seems to be impossible that any of the par- 
ticles of earth buried in the body of the dam could 
be moved by a slow seepage of water, except 
such particles as were soluble, which might, in 
the course of ages, be dissolved and carried off 
by the seepage water. ‘ 

Some of the views held in respect to the move- 
ment of material in the body of earth dams are 
based upon observations of very small dams, and 
often of those negligently constructed or of a 
very narrow section, and have no place in con- 
nection with a properly constructed large earth 
dam. 

A dam such as the one proposed is very heavy, 
the weight upon its foundation being about one 
ton per square foot for each 20 it. in height of 
embankment. Under the highest part of the em- 
bankment the pressure would be 6% tons per sq. 
ft. It is obviously impossible that with such a 
pressure upon the material any particles could 
be moved by the extremely gradual ,seepage of 
water through the interstices due to a difference 
of water level of less than 4 ft. im 100. 

Such a dam as is here proposed, if not abso- 

lutely earthquake proof, is probably more nearly 
so than any other type of dam. 
- A comparison between the section of the Gatun 
dam and that of a few existing earth dams is 
shown in the illustration on page 217 of The 
Engineering Record of Feb. 24. The San Lean- 
dro dam of the Contra Costa Water Co., 120 ft. 
high, which supplies water to Oakland, Cal., is 
the: highest earth dam in the world, and it was 
constructed in part by sluicing. The Pilarcitos 
dam, 95 ft. high, built in 1866 by the Spring Val- 
ley Water Co., which supplies water to San Fran- 
cisco, is also one of the larger dams, although 
there are several others of about the same size, 
which have been successful. The Jeypore dam is 
introduced on the diagram because it was built 
of sand on a foundation of sand,. mud and soil, 
and at a place where the material is very -per- 
vious, so that considerable water filters under 
and through the dam. It has, however, proved 
to be stable under these conditions. 

The United States Reclamation Service has 
recently planned an earth dam to sustain a head 
of 100 ft. with a width at the water line less 
than one-fourth that proposed for the Gatun dam 
and with a proportionately narrow base. (This 
probably refers to the Belle Fourche dam de- 
scribed in The Engineering Record of March 3.) 

It will be noted that these dams have a small 
section in proportion to the depth of water be- 
hind them when compared with the Gatun dam. 

The nearest precedent in general design for 
the Gatun dam is-the north dike of the Wachu- 
sett reservoir of the Metropolitan Water Works, 
of Massachusetts, which is two miles long and at 
the deepest place will have 65 ft. of water against 
it. The highest portion of this dike was built on 
exactly the plan proposed for the Gatun dam, 
namely, the fine material of which the dike is 
composed was deposited on the fine underlying 
material without the use of either masonry or 
sheet piling to prevent the filtration of water. 
Under portions of this dike the depth to the rock 
is as great as at the Gatun dam. 

Plan of the Dam.—tts total length from the 
locks to the westerly end is 7,700 ft. About mid- 
way in the length of the dam there is rising 
ground in which it is proposed to excavate, as 
already indicated, a diversion channel through 
which the Chagres will flow during the con- 
struction of the earth dam. 

The regulating works will be built mainly of 
concrete and will be located in part in the diver- 
sion channel] and on each side of it. On each 
side of the rising ground referred to, and extend- 
ing from it westerly to the high ground and 
easterly to the locks back of Gatun, there will 
be great earth embankments of the cross-section 
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already described, which will together contain 
21,200,000 cu. yd. of material. The westerly em- 
bankment will cross a French diversion channel. _ 
The easterly embankment will cross the French 
canal and the Chagres. 

It will be feasible to begin at once the con- 
struction of one of the earth embankments, per- 
mitting the water to flow through the channel 
or channels at the site of the other embankment. 
It will also be feasible to begin at once the con- 
struction of the diversion channel, utilizing the 
material excavated in the embankments of the 
dam. 

In the construction of the dam it is proposed 
to remove all trees, stumps and roots from its 
site and to excavate the surface material to such 
an extent that the impervious material of the 
embankment will come in direct contact with the 
impervious clayey material which is found nearly 
everywhere in this region; also to do any other 
work required to cut off the flow through any 
pervious material which further investigations 
may disclose. For such work an allowance of 
£400,000 for all dams has been made in the esti- 
mate of cost. 

The diversion channel is to have a minimum 
width of 150 ft. and is to be excavated to sea 
level, or somewhat below it; although the lower 
part of the channel will be through indurated 
clay, it is proposed to place in it concrete where 
required for the protection of the channel or for 
the regulating works up to sea level, and to build 
in the channel to an elevation about 4 ft. above 
sea level the foundations of certain piers and 
walls, which will remain for a time at this cle- 
vation, so that they will form only a slight ob-; 
struction to the discharge of flood waters. 

After the earthwork of the dam reaches a suffi- 
cient height to be beyond all danger of over- 
flow, the piers and walls, which will be above 
water at low stages of the river, and which. will 
have in them grooves for stop planks, will be 


' built to higher elevations to furnish a ready means 


of turning the river through half of the diversion , 
channel while the other half is pumped dry tS 
permit the placing of the concrete of the regtt 
lating works, and by turning the river alter- 
nately from one side to the other the regulating 
works may be built without special difficulty. 

Regulating Works—The general design of the 
regulating works is shown on page 216 of The 
Engineering Record of Feb. 24. The central 
150 ft. of their length, which will be built up 
from the bottom of the diversion channel, is to 
be a solid mass of concrete, having its crest at 
The crest is to be made wide with the 
down-stream slope two horizontal to one vertical, 
making an unusually strong section. 

On the top of the crest, piers 8 ft. in thickness, 
grooved for Stoney sluice gates, are to be built 
38 ft. from center to center, having clear open- 
ings of 30 ft. These gates, as proposed, are al- 
most exact counterparts of the gates provided for 
controlling the flow from the lower end of the 
Chicago Drainage Canal, but the sills are to be 
placed 16 ft. below the normal water level, in- 
stead of 15 ft., as at the Chicago Drainage Canal. 

For the whole length of the regulating works 
the design is the same as the central portion, ex- 
cept that the concrete rests upon the surface of 
the rock or upon excavations made in the rock. 
The water passing through the central sluices 
will flow directly out through the diversion chan- 
nel to the Chagres; that passing through the 
sluices nearer the ends of the regulating works 
will be caught by intercepting channels sloping 
toward the central portion, and will follow the 
course indicated by the arrows on the plan, flow- 
ing toward the central portion: and thence out 
through the diversion channel. 

The regulating works are capable of discharg- 
ing 140,000 cu. ft. per second when the water 
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in the lake is not more than one foot above the 
normal level. 

It is thought that in connection with a great 
lake, such as here proposed, regulating works 
which can discharge a great quantity of water 
when the lake is at its normal level are prefer- 
able to an uncontrolled overflow spillway which 
will not begin to discharge water in any con- 
siderable quantity until a flood has raised the 
lake above its normal level. 

With the uncontrolled spillway 2,000 it. long, 
recommended by the Isthmian Canal Commission 
of 1899-1901, in connection with the Bohio dam, 
it was estimated that the water in the lake might 
be raised 5 ft. above its normal level by a maxi- 
mum flood. With the regulating works proposed 
in connection with the Gatun dam it is estimated 
that the surface of the lake will never be raised 
by a maximum flood more than 2 ft. above the 
normal level, and with ordinary floods it would 
be feasible by beginning the discharge before 
the flood waters reached the lake to keep the sur- 
face from rising to any appreciable extent. 

Such sluices as are here proposed would be very 
objectionable on a river or even at the outlet of 
a smal] lake, but in a great lake like that to be 
formed by the Gatun dam the currents toward 
the outlet will, under ordinary conditions, be 


inappreciable, so that the course of any floating 


substances will be determined by the wind in- 
stead of by the current, and they will be stranded 
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The estimates of the cost of the works omitted 
were made by the Isthmian Canal Commission of 
1899-1901. 

In the above table it will be noted that the 
locks have been omitted. The lock site at Bohio 
adopted by the Comité Technique of the New 
Panama Canal Company and by the Isthmian 
Canal Commission of 1899-1901 furnished a rock 
foundation for only two locks of the sizes then 
proposed. The requirement of the law under 
which the canal is being constructed makes it 
necessary to provide longer locks than can be 
accommodated with a rock foundation at the 
Bohio site. Moreover, it was thought desirable 
to make the lift to the 85-ft. summit level with 
three locks rather than with two, and the Gatun 
site affords an opportunity. for doing this. The 
three large locks will cost more than the two 
smaller locks proposed at Bohio. 

The adoption of Gatun as a site for a dam 
not only provides for reduced cost and a better 
lock site, but, as compared with Bohio, it offers 
several important advaitages. The first of these 
is a large addition to the drainage area tributary 
to the summit level and to the amount of water 
available for canal uses, which is of special value 
during the dry season; the second is the great 
increase in the reservoir area, Lake Gatun having 
almost three times the area of the lake formed 
by a dam at Bohio; this permits storing water 
for the dry season and the reception of floods with 


Saranac River Dam during Constructior; Concrete Flant at Left. 


on the shores; moreover, if, during floods, trees 
and other drift should be washed into the lake 
fromthe tributary rivers, they would not have 
time, on account of the great size of the lake, to 
reach the Gatun dam before the flood subsides. 
Reduction in Cost.—The great quantity of ma- 
terial to be placed in the Gatun dam may cause 
it to be inferred that a structure at this place 


adds to the cost of the canal; but it should be 


borne in mind that the adoption of this site elim- 
inates large expenditures for the canal and diver- 


sion channels between Gatun and Bohio. A com- . 


parison shows that there is a saving of $11,894,- 
621 in the estimated cost of works by the change 
in the location of the dam, made up as follows: 


WORKS OMITTED, 
LEGUL) ( DRG eho A ee oe $6,369,640 


Gigante spillway .............. 1,209,419 
Canal between Gatun and Bohio. 7,643,067 
MCHA laNCa OWEE ics cieie ve 5.6 2,448,076 
SEE ARMCEMONTCTSIOM Pere itle ele cereals oieialswieleie See 6 1,929,082 
eA PMAIRV OL SPORE Cin © oun, wale cle eoa sco Se eens sia oe ee 100,000 
20 per cent. for contingencies, etc........... 3,940,037 
Motaletor works omitted)... 6... 25.62.2503 $23,640,221 
ADDITIONAL WORKS REQUIRED. 
CE EhT iy G Ercie 0 SU Seep On oRaOR $7,788,000 
Panama Railroad diversion from 
Mindi to Bohio........ een 2,000,000 
20 per cent. for contingencies, etc... 1,957,600 
Total for additional works required........ $11,745,600 


Amount saved by change in location of dam $11,894,621 


a maximum variation of lake level of only about 
one-half of that taken by the first Isthmian Canal 
Commission for Lake Bohio. A third advantage 
is the extension of lake navigation 9% miles to- 
ward the Atlantic from Bohio; a fourth is that 
the Chagres and all its important tributaries will 
be received into the lake at points so distant from 
the canal route that no deposit of suspended ma- 
terial will occur along it, and a fifth is that the 
water discharged from the lake will enter the 
Chagres at the point where it finally diverges 
from the canal so that no diversion channels or 
heavy protecting embankments will be required 
along the canal line. 


A Novet Evevator with a rise of 495 ft. has 
been erected to the summit of the Burgenstock 


near Lake Lucerne, for sight-seeing purposes. 


The entrance to the car and space for its oper- 
ating mechanism are tunneled out of the rock at 
the base of the cliff and the shaft rises through 
solid rock to a height of 143 ft., whence it con- 
tinues as a square steel structure, tied to the 
face of the cliff at intervals by structural braces. 


_ The elevator is electrically operated and provided 


with safety appliances. Switzerland has been not- 
ed for rack railways and inclined planes, but this 
elevator is a new method for reaching summits. 
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The Saranac River Dam. 


A concrete dam recently completed across the 
Saranac River, near Plattsburg, N. Y., has a 
maximum height of about 55 ft., a length of 400 
ft. on the crest, and contains about 7,000 cu. yd. 
of 1:2:5 concrete made with Vulcanite and Iron- 
clad Portland cement. It is located in a gorge 
about 400 ft. wide where the stream was divert- 
ed, and its bed was exposed by the construc- 
tion of a crib coffer dam filled with rocks, sheet- 
ed on the inside and thoroughly puddled and 
drained by four 8-in. centrifugal pumps. The 
rock forming the sides and bottom of the gorge 
is in approximately horizontal strata, but is very 
much broken so that a large amount of loose 
rock had to be removed and the bottom excavat- 
ed to a considerable depth in order to secure 
sound solid footings for the dam foundations. 
The rock blasted in rectangular blocks which 
were removed and piled on both sides of the 
bank, some of it being afterwards crushed for 
the concrete and some of it bedded in the lat- 
ter in cyclopean masses. 

The rock was handled principally by a guyed 
derrick at each end of the dam. The masts of 
these derricks were 75 ft. high and their booms 
being spliced to a length of 100 ft. commanded 
a large portion of the dam. A third guyed der- 
rick was set up near the concrete plant and all 
of them were equipped with Lidgerwood hoist- 
ing engines and boom had swinging gears. 
They were used to build the coffer dams and as- 
sist in their sinking, to remove the stones and 
pile them on shore, to deliver stone to the rock 
crushers and to the cyclopean concrete, to build 
the falsework and concrete moulds and finally 
for the removal of the crib coffer dams after 
the foundations were completed. 

The Saranac River is subject to occasional 

sudden floods which, in the contracted channel 
of the narrow gorge, sometimes cause the water 
to rise rapidly for many feet above the ordi- 
nary level; besides this there was a log jam 
a short distance up stream from the dam, which 
was liable to break at any time and sweep down 
the river, carrying everything before it. This 
would endanger any plant located near the bot- 
tom of the gorge, and it was therefore necessary 
to install the concrete plant on the river bank 
at a considerable height above the water. The 
plant was designed to handle very large quanti- 
ties of concrete with great rapidity and was 
constructed on very simple principles involving 
the elevation of all materials at one operation 
to a sufficient height to enable the concrete mix- 
ing, transfer and deposition in the moulds to be 
effected by gravity with the minimym amount 
of labor or hand manipulation. 
* The concrete plant was located at the end of 
a spur track leading from the Delaware & Hud- 
son Railroad Company’s line and terminating 
with a Y, one branch of which was carried over 
a trestle at a sufficient height to enable the cars 
to dump sand and broken stone on storage piles 
alongside the concrete tower. In order to ad- 
vantageously handle materials from storage to 
the mixing plant with a single derrick and at 
the same time to mix the concrete as near as 
possible to the point where it was used and thus 
avoid transportation, the concrete storage was 
extended beyond the edge of the river bank on 
heavy platforms supported by trestle bents as 
shown in the accompanying views. 

On the upper platform of a concrete tower 
46 ft. higher than the top of the dam, there 
were arranged bins for sand, cement and broken 
stone, and a man was Stationed there to empty 
into them the contents of the buckets elevated 
by the derricks. On the mixing platform about 
10 ft. lower down another man operated a crank 
which automatically fed the sand, cement and 
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broken stone from the different chutes to the 
Accurate Measurer and Feeder. This could be 
regulated so as to supply the required propor- 
tions in any amount varying from 1 yd. in five 
minutes to 10 yd. in five minutes, delivered by 
it to the hopper of a Portable gravity mixer, 
with 17 rows of deflectors, which was sold by 
the United Concrete Manufacturing Co. The 
concrete was discharged from the gravity mixer 
into tip carts drawn by single horses down a 
slightly inclined platform, carried several feet 
above the top of the dam on a tall timber false- 
work trestle, and forming a working platform 
which commanded all parts of the dam and af- 
forded an advantageous position for building 
the forms and laying the concrete. 

The carts were dumped into hoppers a few 
feet apart, each of which was connected to a 
long, approximately vertical, steel tube 16 in. 
in diameter, mounted on a swivel and hung in 
chains so that it could be inclined in any direc- 
tion and the foot could be raised or lowered 
and directed to any portion of the work includ- 
ed within the radius. The lower ends of the 
tubes were kept very close to the surface of the 
concrete already deposited in the mould so 
that when the tube was filled with the very 
wet concrete it was moved back and forth and 
allowed regular layers of concrete to flow 
through it to the position required. 

At the ends of the dam large rocks handled 
by the derricks were placed in the moulds and 
concrete was thoroughly puddled around them. 
In the center of the dam, beyond the reach of 
the derricks, smaller stone up to about 16 in. 
in diameter were thrown one by one through 
the tubes and deposited like the concrete. The 
tubes being inclined sufficiently to retard the fall 
of the concrete and of the stones so that the 
impact was harmless and the attendant was able 
to safely control the lower end of the tube. In 
this way the concrete was handled entirely by 
gravity from the distributing platform above 
and the work was carried on with great rapid- 
ity and economy. 

The ordinary tall falsework bents were eco- 
nomically constructed of green timber cut in the 
vicinity. In the river channel the distance be- 
tween the bents was considerably increased so 
as to afford a much wider opening spanned by 
a simple wooden arch which on its top chord 
carried two regular intermediate bents of upper 
falsework. A similar low level falsework was 
built adjacent to the main falsework and on the 
top chord of its arch span carried a working 
platform on which materials were distributed for 
the construction of the concrete moulds. These 
were very simply made with heavy inclined posts 
braced to the falsework and supporting the hori- 
zontal side planks which were built up to cow 
respond with the placing of the concrete inside. 
The work was executed by Mr. Frank B. Gil- 
breth, with an average force of about 125 men. 


. 


Tue Gatun Dam, the structure on which the 
proposed lock-canal at Panama primarily depends, 
is seriously criticised by Mr. P. Bunau-Varilla, 
the eminent retired French engineer who was 
connected for some many years with the former 
work at the Isthmus. Ina public letter to Presi- 
dent Roosevelt he says: “I consider such a struc- 
ture a highly dangerous one in view of the soft- 
ness of its mass, if one takes into account the 
light earthquakes which are so frequent and must 
be constantly expected on the Isthmus. They of- 
ten cause the fall of glasses on the tables.” He 
fears that such earth motions will cause the 
mass of such a dam to weaken and become lia- 
ble to wasn out under the great head of water 
behind it. While a lock canal is more exposed 
than a sea-level canal to damage by earthquakes, 
it is very remote in either case. 
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An Economical Reinforced Concrete Floor. 


At the International Engineering Congress at 
St. Louis, a paper by Capt. John S. Sewell, Corps 
of Engineers, U. S. A., was read, in which he 
suggested new formulas for the design of rein- 
forced concrete members. These were intended 
to combine the simplicity of purely empirical for- 
mulas with all the accuracy of more rational ones. 
At the meeting of the American Society of Civil 
Engineers on Feb. 21, another paper (“Economical 
Design of Reinforced Concrete Floor Systems,” 
Proc. Am. Soc. C. E., vol. 31, p. 625) by the 
same author was presented, in which he gave these 
formulas in more detail, together with notes 
on their application to designs of minimum cost 
and the value of certain little used features of de- 
sign from a fire-resisting standpoint. 

The author proposes a formula in. which the 
lever arm is a constant percentage of the depth, 
so that, if 4 = the total sectional area of steel; 
d = the depth of the center of gravity of the 
steel below the upper surface; h = a constant; T 
= the unit stress in the steel (assumed to be uni- 


® 
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In the absence of such experiments, however, 
good working values for h, and for the allowable 
percentage of steel, can be deduced from the more 
complicated formulas. The point of first impor- 
tance is the form of the stress-strain curve of 
con¢rete, in compression. So many tests of con- 
crete in compression are available that the au- 
thor prefers to assume an empirical curve, de- 
termined from the average results of many tests. 
Among recorded tests, probably none are more 
accurate than those reported in “Tests of Metals, 
etc.,” at the. Watertown Arsenal, for various years. 
Several conclusions from them seem to be war- 
ranted, as follows: The modulus of elasticity of 
concrete—or at least its resistance to deformation 
—increases somewhat with the ultimate strength. 
The modulus of elasticity—or the resistance to de- 
formation—increases quite rapidly with the rich- 
ness of the mixture. The stress-strain curve for 
very rich mixtures, especially rich mortars, does 
not differ much from a right line; but for leaner 
mixtures, including all those commonly. used 
in practice, it differs very materially from a 
right line. In combining the results of many tests, 


View of Saranac River Dam, Showing Method of Construction. 


form over the cross-section), and M = the resist- 
ing moment of the beam, then 

WD en hero hapcl 30. (0) 

In any formula of this type, 4 must be ex- 
pressed as some fraction of the area of concrete, 
or some other means must be adopted to avoid an 
excessive proportion of steel. It is one of the 
merits of the more complicated theoretical formu- 
las that they contain the unit stresses in both the 
concrete and the steel, and thus automatically 
regulate the percentage of steel. Physical prop- 
erties deduced from the results of such tests can 
undoubtedly be used as a guide to safe designs; 
but the author believes that more accurate, and 
therefore safer and more economical results could 
be secured by numerous tests on beams made up 


with varying qualities of concrete and varying 


percentages of steel, with a view to determining 
the value of the constant, h, in equation 0, and of 
the maximum allowable values of A, in terms of 
the area of concrete, for various grades of concrete 
and steel. From the results of such experiments, 
a table of values could be formed, which, used 
in connection with equation 0, would greatly sim- 
plify the work of design, without the sacrifice of 
any degree of accuracy attainable by the use of 
the more complicated formulas. 


in order to determine the average form of the 
stress-strain curve, it is necessary to combine 
tests having about the same ultimate strengths. 

In deducing the constants used in this paper, 77 
apparently normal tests from the reports of 1898 
and 1899 were selected. Failure occurred in all 
these at from 2,500 to 3,500 lb. per sq. in. The 
tests were first grouped according to ultimate 
strength, and these groups were sub-divided ac- 
cording to the age and composition of the con- 
crete. Altogether, twelve groups were thus ob- 
tained; the elastic compression, as deduced from 
the record—i. e., the total deformation less the 
set—was taken as the observed quantity in each 
case. The arithmetical means of the observed 
quantities were taken for each group; with these 
as one set of ordinates, and the applied loads, in 
pounds per square inch, as the other set, a curve 
was plotted for each of the twelve groups of tests. 
All twelve curves differed appreciably from a 
right line, indicating a rather rapidly decreasing 
modulus of elasticity under increasing loads. The 
area enclosed by the curves and the axes of co- 
ordinates was from one-fifth to one-fourth great- 
er_than that included between the same axes and 
a right line passing through the initial and final 
points of the curves. 
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With a stress-strain curve of this sort, it seems 
better and more accurate, in deducing formulas 
for the design of reinforced concrete beams, to 
assume a certain definite percentage of the ulti- 
mate strength of the concrete as the maximum 
stress to be reached when the stress in the steel 
is at some critical point such as the elastic limit. 
In designing, it is only necessary to multiply the 
working load by the desired factor of safety, 
based on the elastic limit of the steel, and then 
determine the section so that, under the multiplied 
load, the assumed maximum stresses shall not be 
exceeded. 

After plotting the twelve curves the author 
measured the area enclosed by the axes of co- 
ordinates and that part of each curve included 
between the initial point and the point correspond- 
ing to 80 per cent. of the ultimate strength. The 
results were quite interesting; the areas varied 
from 55.2 per cent. to 60.3 per cent. of the rec- 
tangle enclosed by the axes and the co-ordi- 
nates of the 80 per cent. joint, the average of 77 
tests being 57.2 per cent. It seems justifiable, 
therefore, to assume 0.57 as the area factor for 
the 80 per cent. portion of the stress-strain curve 
of concrete in compression. Several approximate 
but fairly accurate determinations indicated that 
the center of gravity of the above area could be 
assumed at a distance equal to 64 per cent. of 
the 80 per cent. ordinate above the axis of stress, 
i, e., the axis corresponding to the neutral axis in 
an actual beam. 

With these quantities determined, it is possible 
to deduce actual working formulas. It is as- 
sumed that the beam is horizontal, and the applied 
forces vertical; that, within the elastic limit of 
the steel, sections plane before deflection remain 
plane after deflection; that there is such a union 
of steel and concrete as to make them act to- 
gether; that there are no initial strains, and 
that the steel takes all the tensile stress, the ten- 
sile strength of the concrete being neglected. 

Let Es represent the modulus of elasticity of 
steel; Ec, the modulus of elasticity of concrete; 
T, the unit tensile stress in the steel; ts, the elas- 
tic limit of steel; F, the unit compressive stress 
sin the concrete; fc, the ultimate strength of con- 
crete in comprussion; all in pounds per square 
inch; b, the width of a rectangular beam or of a 
part of a floor slab, in inches; a, the sectional 


“area of steel per inch of width; a b, the total 


sectional area of steel in the width, b; 41, the 
distance of the neutral axis from the extreme 
element in compression; y», the distance of the 
neutral axis from the axis of the steel reinforce- 
ments; 4, the compression per unit of length in 
the extreme upper element of concrete; 2, the 
elongation per unit of length in the steel (assumed 
as uniform, and the same as that at the axis of 
the steel, since the cross-section of the bars is 
relatively small) ; and d the distance from the ex- 
treme element in compression to the axis of the 
steel; and A d, the lever arm of the stresses in the 
steel about the centroid of the compressive 
stresses. 


The following equations are easily deduced: 


V1 — V2 d (1) 
re Ve F 4h; 
—=— j= “ei 
Ay. 4s Ec¢ Es 
ie Be T Ec 
Therefore, ——= , and y2—= ya (2) 
yy ~ HES. FEs 
x08 fe Es 
ts Ec 
lf P= o8F- when Lf =. ts, y2 == ————- 1 (3) 
0.8 fe Es : 


Equation 2 applies as long as T does not exceed 
ts; but the values of F and E- must always be 
those that correspond to each other. 
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Assuming F = 08 f¢ and T = fs, the condi- 
tions of equilibrium give, 
0.456 b fey = ab ts (4) 
If M represents the moment due to the applied 
forces, 
M = 0.456 X 0.64 bfc yw’ + abts y2 = 
0.292 bf¢. 917 + abts ye (5) 


The coéfficient, h, of the lever arm, Hd, does not 
vary a great deal for widely varying stresses in 
the steel and the concrete, nor for widely varying 
positions of the neutral axis. It will be less under 
heavy stresses, as when the stress in the steel is 
at the elastic limit, than under ordinary working 
stresses. As a matter of safety, therefore, if it is 
to be used as a constant, its value should be de- 
termined for the greater stresses. Assuming that 
h is a constant, the value of which is to be deter- 
mined from conditions existing when the stress 
in the steel is at the elastic limit, i. ¢., when T = 
ts, it is possible to write the equation, 

M=hdabdts, (6) 
which is the same in form as equation 0. 

To show the variation in the values of h, the 
following results, deduced from equations 1 to 5, 
are submitted, fc being assumed at 2,500, and 
Ec/Es at 1/15. 


lif ts == 35,000, Ib. per sq. in. h == 0.834 
irs ——rAO;OOOy ssi ie ==1 0/840 
ete 7g A OOOM: wn «hy, =.0:856 
iets eS OOCOm uu. > S10 C05 
Nieto ces OOO Me eewns Peete ==" 087.3 
li ts = GOOCO% mea “Wi ==-0,880 
Li Ps TOD OO. a as-is ys h = 0.920 


Of the various forms that have been assumed 
for the stress-strain curve, the right line will give 
the greatest value of h, and a parabola with its 
vertex on the neutral axis will give the least. 
Taking an average case from those given above, 
as for ts = 45,000 lb. per sq. in. (fe and Ec/Es 
remaining the same) gives, for the right line, 
h = 0.865, and for the parabola, h = 0.84. It 
would seem justifiable, from the above values, to 
assume a constant value of 0.85 for , under all 
conditions. 

Equation 6 can be used just as well for working 
stresses as for maximum stresses, by substituting 
T for ts. 

In order to complete equation 6, ab must be 
expressed in terms of bd, or, what is the same 
thing, @ must be expressed in terms of d, to in- 
sure the use of the correct proportion of steel. 
The writer thinks that the maximum allowable 
percentage of reinforcement, for various qualities 
of steel and of concrete, would best be deter- 
mined by direct tests. In the absence of better 
sources of information, this percentage can be 
determined from formulas such as, equations 
1 to 5. Making the same assumptions as for the 
value of h, these formulas give the following 
results : 
igi 935,000; / a. == 0.015; 
ts = 40,000, a/d = 0.0122, 


whence a=0.015 d. 
a0, O0122/0, 


6c 


ts = 45,000, a/d = 0.0101, a@=0.0I01 d. 

ts; = 50,000, ad/d = 0.00855, d= O00855 1d: 
t=" 55,000; -a/di—='0:00731, a= 0.007 2i.0: 
ts = 60,000, a/d = 0.00633, ad —— 01000230. 


“ce 


ts == 100,000, a/d = 0.00263, a = 0.00263 d. 

Other assumptions as to the form of the stress- 
strain curve would result, of course, in different 
values of a/d. The author thinks the right line 
gives beams heavier than necessary, and that the 
parabola rather inclines to the opposite extreme. 

There are other advantages in the form of equa- 
tion 6 besides the most apparent one of simplicity. 
lf the maximum allowable percentage of steel is 
correctly determined for the qualities of steel and 
concrete it is proposed to use in each case, equa- 
tion 6 will give a design in which both materials 
are worked to the safe limit; this design, from the 
standpoint of efficient use of material, will be the 
most economical. If the constants entering equa- 
tions I to 5 are correctly determined, they will 
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give similar results. This kind of economy, how- 
ever, is not necessarily equivalent to minimum 
first cost, in dollars and cents. With equations 
I to 5, several tentative designs, with estimates of 
cost, would be required to determine the one of 
minimum cost. This results from the fact that 
the ratio of cost of steel per cubic foot to the cost 
of concrete per cubic foot is entirely independent 
of the ratio between the maximum allowable 
stresses of the two materials. It is desirable to 
express the cost in terms of the first-named ratio, 
and then to apply the principles of maxima and 
minima, if possible, so as to disclose at once the 
conditions leading to minimum cost. With equa- 
tions I to 5, this cannot be done, because as soon 
as the materials are selected their physical quali- 
ties fix the percentage of steel, which is a con- 
stant from that moment. 

In the succeeding portions of the paper the 
author analyzes the effect of the cost of centering, 
of concrete below the steel, of concrete above the 
steel and of the steel itself on the cost of the 
beam, together with the other factors which affect 
the problem of maximum economy. The formula 
he derives is 

My, wh w dal? 
a= = Pay OA) 
htsd Shisd Shtsd 


where / is the span in inches, w the total line load 
per linear inch in pounds, w’ the weight of con- 
crete in pounds per cubic inch, and M; the total 
bending moment on a beam of unit width. 

In actual practice, Capt. Sewell would use 
d — p instead of a unless the maximum allowable 
value of a, a3 deduced from experiment or from 
equations 1 to 5, should be less than d/p; in which 
case the maximum allowable value of a would be 
used. By p is designated the ratio of the cost 
of steel. per cubic foot to the cost of concrete per 
cubic foot. 

The only equation required for designing would 
then be equation 7. For a would be substituted 
its proper value, in terms of d, and the equation 
would be solved for d. For a beam of width, 3, 
it is only necessary to make very obvious changes 
in the formula. The value of a follows, when d 
is known. If great accuracy is not necessary, an 
approximate value for the dead load can be as- 
sumed; the total moment is then a constant, and 
the equation giving the value of d will be a pure 
quadratic, instead of an adfected one, as in the 
other case. The question is at once suggested by 
the results above deduced, whether, in the case of 
steel of high elastic limit, in which the maximum 
allowable value of a is much less than d/p, greater 
economy could not be attained by reinforcing the 


concrete against compression. Capt. Sewell’s 
analysis shows that, when ts — 100,000, it is 
cheaper to use lower reinforcement only. If this 


is’ true for this value of fs, it is certainly true for 
any other valtie likely to be used in practice. It 
is advisable, therefore, to use double reinforcement 
only when the conditions of the problem restrict 
the value of d, or when it is very important to 
reduce the dead weight to a minimum. When 
only lower reinforcement is used, and ts = 100,- 
000, the value of d is about one-third greater than 
when double reinforcement is used. This will 
make some difference in the actual live load ¢a- 
pacity, if m is assumed as a constant. If the live 
load is very small, as compared with the dead 
load, this may change ethe relative costs, for a 
given live load capacity, so as to make the double 
reinforcement more economical; but if the live 
load is relatively large, the single reinforcement 
will be more economical. In practically all cases 
that would ordinarily occur, the single reinforce- 
ment will be the cheaper, by at least 20 per cent. 
Hitherto, it has been assumed that the beam 
was to be reinforced against what may be termed 
the flange stresses only, and the discussion applies, 
of course, to the section where m is a maximum; 
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but other stresses exist in reinforced concrete 
beams, corresponding to the web stresses in steel 
beams. For simplicity they will be referred to as 
web stresses. 

Assuming the beam to be uniformly loaded, 
the ideal web reinforcement would consist of a 
multiplicity of relatively small members attached 
to the horizontal reinforcement, and inclined both 
ways from the center of the span, at an angle 
of 45°. The attachment to the horizontal rein- 
forcement should be independent of the concrete, 
should permit no lost motion between web and 
flange reinforcement, and should be strong enough 
to develop the strength of the former. The spac- 
ing should vary from the center to the ends, de- 
creasing in proportion to the increase in the web 
stresses. In any case, the sum of the horizontal 
components of the stresses in all the web mem- 
bers in each half of the beam should be at least 
equal to the maximum stress in the flange rein- 
forcement. The web members should all extend 
entirely to the top of the beam. 

It is not worth while to consider either web 


members or variations in d, in designing the sec- 


tion of maximum moment, except that the value 
of M may be written as a function of d, if it is 
desired to avoid guessing at the dead weight. 
After a little experience, however, the designer 
will be able to guess the dead weight with suffi- 
cient accuracy, and in that case he will have 
only a pure quadratic to solve—otherwise he will 
have to solve one containing both the first and 
second powers of d. 

All that has gone before is applicable only to 
rectangular beams and floor slabs. No extensive 
system of reinforced concrete floors can be econ- 
omically designed, however, without the use, 
either of rolled steel beams, or else of reinforced 
concrete ribs, forming, together with a portion 
of the floor slab in each case, what is practically 
a T-beam, 

It is necessary, therefore, to consider the eco- 
nomical design of such sections as this. In Capt. 
Sewell’s St. Louis paper he presented formulas 
for T-beams modeled after those deduced by A. L. 
Johnson. In applying these formulas to partic- 
ular cases, the total allowable width of flange 
was generally found to be between 30 and 4b, 
b being the thickness of the web. He thinks con- 
servative practice would confine this width to 3). 
By the assumptions as to the stress-strain curve 
assumed in this paper, and those made in the St. 
Louis paper as to the distribution of stfésses in 
the flange of the beam, the average stress in the 
compressed part of the concrete of a T-beam may 
be taken as not less than 0.44 fc, under the loads 
producing the maximum stresses assumed in de- 
ducing the formulas. 

The web stresses, in practice, are quite as im- 
portant as the flange stresses. The web of a plate 
girder, and the web members of a bridge truss, 
often demand much more attention than the 
flanges and chords. This is equally true of rein- 
forced concrete girders and beams. If it is bad 
practice to count upon the tensile strength of the 
concrete in the lower part of the beam, it is 
equally bad practice to count upon it in the web. 

About August, to04, the author had to design 
some rather important long-span girders for the 
War College Building at Washington Barracks, 
D. C. He had, nearly two years before, become 
convinced that not only ought reinforced con- 
crete beams and girders*to be designed with web 
reinforcement, but that the tensile web members 
ought to be arranged at an angle of 45°, and 
firmly attached to the horizontal reinforcement, 
without the possibility of lost motion, so that 
the horizontal components of the tensile web 
stresses could be transmitted into the horizontal 
reinforcement, without depending on the sur- 
rounding concrete; in other words, that concrete 
should no more be relied upon for connections 
than for resisting tensile flange stresses. Previous 
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to the time when the War College work was de- 
signed, the writer had analyzed the web stresses 
by analogy with a Pratt truss; but study of the 
War College problem made it apparent that the 
double intersection Warren girder was a better 
analogy, and the author has used it since that 
date. 

It is fairly well established that, under temper- 
atures of from 800° to 1,000° Fahr., cement which 
has set begins to lose its water of crystallization ; 
as this change progresses the strength is impaired. 
If the fire lasts long enough the lower part of 
the concrete in a floor system is completely ruined, 
and generally comes off, exposing the steel; if the 
fire still continues, collapse, in ordinary designs, 
speedily follows. The exposure of the steel is 
undoubtedly greatly accelerated by the existence 
of severe stresses in the concrete immediately 
surrounding the steel, in all cases where attached 
web members are not used. Where they are 
used the damaged concrete, having no structural 
duty to perform, will hang on longer, and at least 
protect the steel; even after it comes off, the struc- 
ture will collapse only after the steel becomes hot 
enough to have its tensile strength seriously im- 
paired. 

Even if collapse does not occur—in fact, even 
if the steel is not exposed at all—in cases where 
attached web members are not used, if the con- 
crete has been dehydrated to any appreciable 
depth, nothing short of rebuilding will constitute 
adequate repairs. The damaged material must 
come off; on it, and its bond with the concrete 
above, depended the ability of the steel to trans- 
mit its stresses into the upper part of the beam. 
There is no known method of replacing the dam- 
aged concrete with new material, and of securing 
a bond between the new and the old, anything 
like as strong as the original cohesion. 

If, however, attached web members are used, 
there is no necessity, as far as strength is con- 
cerned, for any concrete below the horizontal re- 
inforcement at all; even if the concrete is seri- 
ously damaged as high up as the neutral axis, 
the floor can be supported by shores, the dam- 
aged concrete removed, and new material substi- 
tuted for it; the bond between the new and the 
old material, with the assistance derived from 
the steel, will be sufficient to hold the new ma- 
terial in place so that it can protect the steel 
against fire and corrosion, and resist the com- 
pressive web stresses, quite as well as in the first 
instance. In other words, adequate repairs are 
possible without complete renewal. 

A point ordinarily of vital importance in the 
practical execution of work is the bond between 
the floor slab and the part of a beam or girder 
below it. It almost always happens, as a matter 
of convenience and economy in execution, that 
the concrete for that part of the beam below the 
slab is first deposited, and then allowed to set 
for quite a while—several hours, or even a whole 
day—before the concrete for the slab is deposited. 
This is a matter of secondary importance if prop- 
erly designed and rigidly attached diagonal web 
members are used, otherwise it is one of serious 
importance, and fraught with great danger. There 
is good reason to believe that many failures in 
practice have been due to this one condition, 
and that many structures now standing would 
fail from the same cause under loads only slightly 
greater than their working loads, should they 
ever be so tested. 

In this connection it may also be pointed out 
that the use of attached web members, extending 
to the top of the beam, makes it possible to adopt 
a concrete for all parts below the neutral axis, 
for its fire-resisting qualities chiefly, and one for 
the parts above the neutral axis, for its compres- 
sive strength. The two qualities seem not to be 
combined, as a rule, in the same concrete. Well- 
made cinder or clinker concrete is much more fire- 
resisting than stone or gravel concrete, but it is 
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not nearly as strong. It is more than strong 
enough, however, to resist all compressive web 
stresses, and this is the only necessary structural 
duty of the concrete below the neutral axis, if at- 
tached web members are used. 

If the author’s deductions, from the results of 
tests and the theoretical study of the subject, as 
partly outlined in this paper, are well founded, 
the following principles may be stated, including 
some that are the result of executing reinforced 
concrete work by hired labor, under circum- 
stances demanding the utmost economy. 

1. In designing the section of maximum mo- 
ment, the maximum economy, in dollars and cents, 
will result when A = bd — p; if, by equations 
1 to 5, this gives too much steel, then the maxi- 
mum allowable percentage of equations I to 5 
will give the greatest attainable economy, in dol- 
lars and cents. 

2. It is not worth while to consider the varia- 
tions in the applied moment, due to variations in 
d, unless extreme accuracy is desired, or unless 
minimum weight is desirable; but an allowance 
for dead load must be included, in computing the 
value of M, in any case. 

3. For all girders and beams—and for all flat 
slabs, if the best results are sought—there must 
be, in addition to the main horizontal reinforce- 
ment, web members, arranged along the lines of 
tensile web stress, and rigidly attached to the 
horizontal reinforcement; they must be spaced so 
that their aggregate area of cross-section will in- 
crease in proportion to the increase in the total 
web stresses, as the abutments are approached; 
some web members should be added as counter- 
braces, according to circumstances. 

4. The adhesion, or bond, of that portion of 
each web member traversing the compressed part 
of the concrete, should be sufficient to develop 
the strength of the member, and the attachment 
of the member to the horizontal reinforcement 
should be equally strong. Each horizontal bar 
should have its own set of web members. Me- 
chanical bond should be used in the upper part 
of the web members, if there is the least doubt 
as to the adhesion. 

5. Cheap and easily attached clips, forming 
small feet, should be used to hold the horizontal 
bars at the proper distance above the centering; 
these bars should be of rounded section, as nearly 
circular as possible, so as not to cause unneces- 
sary shrinkage stresses in the concrete, and so 
that the wet concrete can be readily made to flow 
under them. This will give a better result, at 
less expense, than the current practice of de- 
positing first a thin layer of concrete, and then 
bedding the steel in it. 

6. As reinforced concrete becomes monolithic 
in setting, the girders, beams, etc., will act as 
continuous girders, whether or not that is desired 
by the designer. This condition might as well be 
accepted, and reverse reinforcement used at the 
proper points, to avoid unsightly and often dan- 
gerous cracks, if for no other reason. If this is 
done it is entirely permissible to reduce the 
bending moment at the middle section very ma- 
terially, thus saving some steel in the main re- 
inforcement. The proper distribution of web 
members in this case requires special attention. 


WireLess TELEGRAPHY has been in regular use 
between New Orleans and St. Louis since Feb. 
28. On that day the American DeForest Wire- 
less Telegraph Co. opened its New Orleans sta- 
tion and messages have been sent to and from 
it every night. It was opened for the purpose 
of communicating with ships in the Gulf of Mex- 
ico and with stations at Mobile, Southwest Pass, 
Galveston, Pensacola and Key West. At night 
the station can also communié¢ate with Havana, 
St. Louis and other inland points that are fur- 
nished with high-powered equipments for long- 
distance transmission. 


MarcH Io, 1906. 


“Mechanical Plant of the New Wanamaker 


Store, New York.—II. 


Heating System.—tThe new store building, above 
the main floor, is heated entirely by direct radia- 
tion, with the exception of the music hall, oc- 
cupying a portion of the second, third and fourth 
floors, in which an indirect system will be used. 
The main floor will be heated by direct radia- 
tion, supplemented by indirect, in connection with 
the ventilating systems, while in the basement 
and sub-basement, indirect radiation will be de- 
pended upon almost entimely. The system is op- 
erated by exhaust steam from the steam-using 
machinery in the power plant, in the usual man- 


\ner, the Webster system of steam circulation 


being used to avoid back pressure. It is a 
system of considerable magnitude, involving the 
heatins of 14 floors, 182x328 ft. in size, and two 
basements amounting to nearly 1,000,000 sq. ft. 
of floor area, for which over 100,000 sq. ft of 
radiation are installed, including the tempering 
coils of the ventilation systems; in addition the 
heating system of the old Wanamaker store 
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gine room to the fan-room, where it branches with 
an 8-in. line to blower systems 1 and 2, and a 
g-in. line to systems 3 and 4. The north or 
Ninth St. side of the building is supplied by a 
12-in. feeder from the expansion tank, which 
delivers to a main extending along the outer 
edge of the building and half of both the Broad- 
way and Fourth Ave. fronts, supplying a heating 
riser at each wall columre The Eighth St, half 
of the building is fed by a 15-in. line, which is 
carried through the boiler-room to the south 
wall line, where supply connections are similarly 
made to risers at each outside building column; 
this main also supplies a 6-in. riser in each of 
the two pipe shafts upon this side of the build- 
ing, which are carried up to supply the special 
heating equipment for the attic floor and tank 
houses upon the roof, to which reference will 
be: made later. 

All radiation is supplied on the two-pipe sys- 
tem, for the operation of which there are supply 
and return risers carried up around the outside 
of the building. For this purpose there are in 
all 83 risers extending from the sub-basement to 


These Mais under Sidewalk 


339 


rangements, all radiators have been located on 
the main floor opposite street entrances; the sec- 
ond floor, where special arrangements of small 
piano rooms necessitated different distributions, 
and the attic, or fourteenth floor, where all radia- 
tion is disposed in skylight coils. The dis- 
tribution of radiation is shown in the accom- 
panying plan of a typical upper floor, including 
the projected uncompleted section at the south- 
west corner, which is to be added in the future; 
this plan shows also diagrammatically the ar- 
rangement of connections of the supply and 
gathering mains in the sub-basement to the sup- 
ply and return risers. 

The radiation is disposed nearly uniformly in 
close proximity to the outside window areas 
on all sides of the building. There are in gen- 
eral two radiators per wall panel between win- 
dows, each having 64 sq. ft. of heating surface, 
making 128 sq. ft. per panel of 20 ft. between 
columns. There are exceptions to this in spaces 
back of elevator shafts and stair wells, where 
single 80 sq. ft. radiators are in some cases used 
and in others two radiators of 50 to 60 sq. ft, 
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across the street is also now operated from this 
power plant. The equipment is designed to main- 
tain a temperature from basement to attic in the 
new building at 70° F. in zero weather, with a 
steam pressure of not over 3 Ib. 

The heating system originates in the expan- 
sion tank in the boiler room, to which all exhaust 
lines from the engines and pumping machinery 
of the power plant are led, as described in the 
issue of Feb. 24. This tank, which is a steel 
cylinder 25 ft. long and 6 ft. in diameter, serves 
as a combined receiver, muffler tank and separa- 
tor for removing oil from the exhaust, and in 
its bottom 12 to 14 in, of condensation is main- 
tained, which assists in the separation of oil, 
The supply from this tank to the heating system 
is through three. systems of distributing mains 
on the ceiling of the sub-basement, one of which 
supplies the heating risers on either side of the 
building, and the other the tempering and reheat- 
ing coils of the blower systems. For the latter 
there is a 10-in. main which leads across the en~ 


the 13th floor, 44 of which are for the supply and 
39 for return of condensation. The supply risers 
are, for the greater part, of 4-in. pipe, although 
there are also 3, 2% and 2-in. risers in portions 
of the building where less radiation is to be sup- 
plied. The return risers are of 2-in. pipe for the 
greater part, although in some cases 114 and 2%- 
in. pipe is used. These riser lines are anchored 
to the building framework at the basement and 
7th floor, with expansion loops of the usual 
swiveling U-loop form at the third and twelfth 
floors. The return risers have at their lower 
ends Webster thermostatic return valves which 
deliver to a system of collecting mains, extend- 
ing entirely around the building and uniting at the 
vacuum pumps of the Webster system. 

The radiation for the heating of the upper 
floors is distributed around the outside of the 
building only, 26-in. two-column radiators being 
located beneath the windows on all sales floors; 
exceptions to this are to be noted upon the 
first floor, where, owing to show-window ar- 


but in general there is about 6 sq. ft. of radiation 
per lineal foot of exterior wall per floor. In each 
wall panel containing two 64 sq. ft. radiators 
there are three windows, each 45xIIo in. in size, 
giving thus approximately 110 sq. ft. of glass 
exposure which the radiation must counteract. 
Each typical floor has, where not altered by sub- 
division into smaller rooms or other changes, 
81 radiators, presenting a total effective heating 
surface of 5,160 sq. ft. There are also 640 sq. 
ft. disposed in pipe coils and radiators in vesti- 
bules, toilet and auxiliary rooms. 

The attic floor is devoted to workshop purposes, 
where large floor spaces and ample lighting are im- 
portant, such as the carpet cutting and sewing de- 
partment, and it is accordingly surmounted by 
three very large skylights and eight smaller ones, 
in which considerable radiation was necessary. 
The larger skylights are, respectively, 59x83 ft., 58 
ft. square and 39x62 ft., the first covering the 
carpet-cutting floor and the second the central 
open court rising through the building. Each sky- 
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light has four sets of heating coils beneath the 
edges of the glass, the largest having four coils 
with 460 sq. ft. of heating surface; those in the 
skylight over the open court are 360 sq. ft. per 
coil, and those in the third skylight 326 sq. ft. 
per coil; the total radiation for these lights is 
thus 4,584 sq. ft. 

Of the eight smaller skylights four are about 
16x19 ft., and the other four 18 ft. square. Each 
has two coils, those of the first four with 198 sq. 
ft. of radiation each, or 396 sq. ft. per light, while 
the coils in the others are each of: 210 sq. ft., or 
420 sq. ft. per light. 

There are in all, therefore, 3,264 sq. ft. of radia- 
tion beneath the smaller skylights, which, to- 
gether with the 4,584 sq. ft. in the three larger 
ones, gives 7,848 sq. ft. of radiation by which 
the attic floor is heated. These coils are in all 
cases of 114-in. pipe. They are supplied through 
the two special 6-in. risers in the pipe shafts from 
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water heaters, while the return header is nearby 
in the space at the rear of the first battery of 
boilers. There are six return lines leading to 
this return header, which are kept entirely sepa- 
rate, as follows: A 5-in. line from the return 
risers in the northwest quarter of the building, 
a 7-in, line from all of the remaining return risers 
of the building, including the special line from 
the skylight radiation in the west half of attic, 
a 5-in. line from the tempering and reheating 
coils of the indirect systems, including the spe- 
cial line from radiation in the east half of the 
attic floor, a 3-in. return from the hot-water 
heaters and refrigerating machinery, a 2-in. return 
from the auxiliary radiator equipments on the 
first floor, and a I-in. line to return condensa- 
tion from a special steam line carried to the 
roof for thawing down-spout heads in winter. 
The pumps deliver first to a small elevated ex- 
pansion tank above them, which has a vent con- 
nection to the vapor line leading from the blow- 
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fected mechanically on the main floor, in the 
basement and sub-basement, in the music hall 
and in the kitchen upon the ninth floor, and in 
the remainder of the building by an open snaft 
58 ft. square in the center of the building which 
rises from the main floor to the roof; all floors 
of the building open directly into this court, which 
is surmounted at the roof by a full-size skylight 
with ventilators of ample size. For the ventila- 
tion service there are nine fan systems, five for 
tempered fresh-air supply and four for exhaust. 
The former are located in the sub-basement and 
the latter in the attic, with the exception of 
two equipments for the music hall, which are 
located on the fourth floor above the stage. For 
these installations extensive systems of duct 
work were installed, the arrangements of which 
are shown in the accompanying drawings. 

A novel feature of the fresh-air supply systems 
for the basements and main floor is the use 
of air-washing apparatus for the purification of 
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Arrangement of Blower Systems and Ductwork in Sub-basement, Wanamaker Store Building, 


the sub-basement, above referred to, and conden- 
sation is returned by 3-in. lines paralleling them. 
These risers also supply radiation in the large 
25x47-ft. tank houses upon the roof, one over 
each of the pipe shafts. Each house has 12 radia- 
tors arranged in the four corners at three differ- 
ent levels, the total radiation per house being 
624 sq. ft. 

Positive steam circulation at atmospheric pres- 
sure is effected by the Webster vacuum system, for 
which two return pumps have been installed in the 
boiler-room to remove condensation and air from 
the return lines and risers. These are 12x18x18- 
in. Knowles duplex steam pumps, which. draw 
from the return systems through a large return 
header or tank at the rear of the boilers and de- 
liver the condensation, freed from air and vapor, 
into open feed-water heaters for heating, filter- 
ing and return to the boilers. The vacuum pumps 
are located immediately at the rear of the feed- 


off tank to the roof; here the condensation re- 
turns are freed from vapor and air, and thence 
flow by gravity to the feed-water heaters. 

The supply and return piping and all connec- 
tions are concealed on all of the retail floors up 
to the ninth, above which, in storage and packing 
departments, it is run open in the usual manner. 
All piping for the heating system, both supply 
and return, is installed with screwed flanged fit- 
tings on all lines 3 in. in size or larger. All 
horizontal supply lines are graded with the flow 
of steam for drainage, the slope ranging from 
l4 in. in to ft. for large mains to I in. in to ft. 
for the smaller linés. The American radiator was 
used for this installation in both the double 
(Perfection) and three-column (Rococo) types. 
The valves used in the piping system were sup- 
plied, as well as all pipe flanges, by the Crane 
Company, with the exception of at radiator con- 
nections, where Jenkin’s valves were used. 

Ventilating Systems.—Ventilation is to be ef- 


the air and regulation of its humidity, one of 
the first air-washing installations in New York 
City. Owing to the impossibility of carrying the 
intake shafts for these systems up to the roof 
line to secure the cleanest-possible air supply, the 
radical method was adopted of taking in the 
air through sidewalk gratings, where quantities 
of dust, dirt and refuse are inevitably encount- 
ered, and subsequently passing it through air- 
washing apparatus for cleansing and regulation 
of humidity. The arrangement of these systems 
in the sub-basement, together with their delivery 
systems, are shown in the accompanying sub-base- 
ment plan. The fan systems are arranged in a 
row in a fan room at the northeast corner of the 
building beneath the sidewalk. The principal ser- 
vice for which these systems were installed is to 
supply tempered air in large quantities at all 
street entrances and vestibules in order to effect 
the heating of the main floor through these 
sources. All of these systems, with the exception 


MarcH Io, 1906. 
of No. 2, are devoted almost entirely to this 
. supply; system 2 supplies air to the sub-basement 
and the mechanical plant. 

These systems have their intakes through grat- 
ings in the Ninth St. sidewalk above them, as 
shown in a detail view of the air-washing equip- 
ment. The air is drawn by the fan, in each 
case, downward through a tempering coil and 
thence through air washing apparatus as shown. 
Each system has in addition to the tempering 
or preheating coil, a reheating coil in the fan 
delivery, the latter having automatic temperature 
regulation. This arrangement permits the humid- 
ity of the delivered air to be adjusted at almost 
any point desired, which is accomplished by set- 
ting the preheating coil to heat the entering air 
to the temperature at which it will take up the 

‘required amount of moisture in passing through 
the air wash, after which it may be reheated to 
any desired delivery temperature. 

The air-washing equipment consists of a spray 
chamber in which the air is drawn through a sheet 
of water spray before entering the fan, an elimi- 
nator between the spray and the fan preventing 
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to arrest the water carried along mechanically 
with the air entering the fan. Each eliminator 
has six rows of inclined baffle plates, as. indi- 
cated in the half horizontal section in the draw- 
ing of the air wash apparatus; these baffles con- 
sist of vertical strips of sheet copper 6 in. wide 
with a hook edge on the side toward the fan, to 
engage particles of water coming in contact with 
the strips, due to the zigzag course of the passing 
air, and thus remove them from the air. In each 
system the eliminator is of a height and width 
equal to that of the spray chamber and is 3 ft. in 
depth, but is inclined slightly backwards toward 
the spray chamber, which both facilitates the sepa- 
ration of water from the air on the baffle plates 
and also the drainage of water from the latter 
back to the catchbasin beneath the spray cham- 
ber. Each system is built of 16 oz. copper on 
a frame work of 14%4x14%4x-in. angle iron. The 


catchbasin beneath the spray is of %4-in. boiler 
iron, 5 ft. in width and 15 in. deep in each case, 
which serves as a storage and supply tank. 

The water for the nozzles is used over and 
over continuously for a number of days. 
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Section Under Sidewalk at Blower System No. 4, Showing Intake and Air-washing Apparatus. 


water being carried mechanically into the fan or 
delivery system. The spray nozzles are close to- 
gether in staggered rows, as indicated in the detail 
view of system 4. Each system has six horizontal 
rows of pipe carrying these nozzles; the rows are 
18-in. apart vertically, each casing being 8 ft. in 
height, variations in capacity for the various sys- 
tems being secured in length of cross-section. On 
each horizontal pipe the nozzles are connected 
at intervals of 20 in., being staggered so that there 
are vertical rows of spray nozzles every Io in. 
entirely across the washing chamber. The nozzles 
are of a side spray type, so that all deliver a 
sheet of spray at right angles to the line of flow 
of the air, the result being that the air,cannot 
pass through the chamber without coming in con- 
tact with the spray. The nozzles have, however, 
a lever attachment so that the spray attachment 
may be opened for a direct stream if necessary, 
in order to clear out any obstruction that may be 
carried into them with the water. The lev- 
ers for all nozzles on each horizontal row are 
connected to a rod with a handle outside the cas- 
ing, so that they may be operated from outside 
when necessary, a glass in the door in the casing 
facilitating examination of the interior. 

Between the spray chamber and the fan there 
is in each case an eliminator or water separator, 


though large quantities of dirt and rubbish of all 
forms are drawn in through the sidewalk intake, 
it is removed by the air wash to the catch basin, 
where it settles, and it is found that the water 
may be used repeatedly by means of effective 
strainers in the pump supply. The water is cir- 
culated by centrifugal pump for each air wash, 
which is belt driven by a Crocker-Wheeler electric 
motor. The pump in each case takes its suction 
from the catchbasin through a series of coarse 
and fine strainers, returning the water to the 
system through a line above the spray chamber 
which connects downward to the headers at either 
end of the nozzle supply pipe. System 1 has 42 
nozzles, each of which has: a discharge capacity 
of 4% gal. per minute, thus requiring, when in 
operation, 189 gal, per minute. System 2, which 
has nearly double the capacity of No. 1, has 68 
nozzles, requiring a circulation of 225 gal. per 
minute. Systems 3 and 4 have 58 nozzles each, 
requiring 261 gal. per minute. The centrifugal 
pumps for this service are driven by motors of 
2, 6 and 5 h.-p., respectively. The air-washing 
apparatus used in the systems is the Acme sys- 


‘tem, installed by Thomas & Smith, patentees, New 


York, as sub-contractors to Gillis & Geoghegan. 
Fan system 1 is devoted entirely to the supply of 
air to vestibules at the Fourth Ave. end of the 
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building, in which there are twelve outlets, re- 
quiring together 32,000 cu. ft. of air per minute. 
System 2, which is confined to the sub-basement 
fresh-air supply, has four outlets in the fan- 
room, eleven in the engine and pump-room, and 
twenty-Seven in the main room of the sub-base- 
ment, which is devoted to packing and shipping 
purposes for the store service, this system re- 
quiring 62,050 cu. ft. of air per minute. Sys- 
tem 3 supplies air in the sub-basement, base- 
ment and vestibules, there being five outlets in 
auxiliary rooms, and four in vestibules on the 
HKighth St. side, while the remainder of the de- 
livery supplement system 2 with 27 delivery out- 
lets in the packing and shipping section of the sub- 
basement. System 4 is devoted to the supply 
of vestibules on the Ninth and Broadway por- 
tions of the building, which require eighteen out- 
lets with a total capacity of 48,000 cu. ft. per min- 
ute. The fans are of the three-quarter steel-plate 
housed centrifugal type, built by the American 
Blower Co. Each is driven by a General Elec- 
tric direct-current motor, with Cutler-Hammer 
starting rheostat equipments, which were installed 
in 25, 60, 45, and 45 h.-p. sizes. All connections 
from blowers to ductwork are tubes of 6-0z, duck 
to prevent vibration of the delivery ducts. 

The reheating coils of each system are as 
stated, equipped for automatic temperature control, . 
Powers thermostats being used in the delivery 
ducts, from which diaphragm valves are oper- 
ated on the steam inlets tothe heating stacks. 
Each system is equipped with a preheating or 
tempering coil, in order both to raise the temper- 
ature in winter to avoid freezing in the spray 
chamber and to permit of regulation of the hu- 
midity. These tempering coils have 1,700, 2,800, 
2,400 and 2,800 sq. ft. of radiation for the sys- 
tems, I to 4 respectively. The reheating coils for 
systems I and 4 are of the same sizes as their 
tempering coils, while those for systems 2 and 3 
have surfaces of 560 sq. ft. each. . 

The exhaust systems provide for the removal 
of air from the basement, sub-basement and 
kitchen on the ninth floor, there being three sys- 
tems for the former, operated by a disc and 
two blower exhaust fans upon the attic floor, and 
a separate exhauster for the kitchen. There 
is also a system of exhaust ventilation for the 
toilet rooms throughout the building. Gathering 
ducts lead from the various inlet registers in 
the basement and sub-basement, as shown in the 
sub-basement plan, to uptake ducts in pipe shafts 
in two sections of the building, that for the east 
section, which is adjacent to the smoke stack, 
being 52 in. diameter while that for the west sec- 
tion is 78 in. There are numerous floor open- 
ings in the basement to which the gathering ducts 
are lead upon the ceiling of the sub-basement, 
as shown in the sub-basement plan. The sub- 
basement exhaust is taken from beneath the floor, 
the gathering system duct work for which was laid 
in the concrete floor, as shown by the dotted lines. 
The latter ducts are of circular cross-section, and 
formed of black iron pipe around which the con- 
crete was poured direct in the construction of the 
floor. The basement exhaust registers are in all 
cases I2 x 30-in. openings, while those in the sub- 
basement floor are 27 in. square. On the basement 
floor there are- 64 exhaust openings, each of 
which removes 800 cu. ft. per minute, while in the 
sub-basement there are 22 openings removing 
1800 cu. ft. per minute each. For the east ex- 
haust system there was installed an attic fan 
in the attic of 50,000 cu. ft. capacity, while that 
for the west system is of 35,000 cu. ft. capacity. 
These exhaust fans deliver directly through air 
caps or hoods immediately above them on the roof, 
which are of heavy copper construction. The east 
fan is driven by a 40 h.-p. motor while that for the 
west system has a 25 h.-p. motor, both of Gen- 
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eral Electric make. The disc fan exhausts from 
the boiler room and is operated by a 1o0-h.-p. 
motor. The toilet room exhaust system is oper- 
ated by a 70-in. exhauster, run by a 5-h.-p motor. 

For the ventilation of the kitchen, a special 
system has been installed consisting of an ex- 
haust gathering system connecting to a main vent 
riser which is carried up to the attic floor to a 
fan discharging through an outlet hood upon the 
roof. The fan is a 140-in. A. B. C. blower rat- 
ed at 20,000 cu. ft. per min. and is driven by 
a 25-h.-p. General Electric motor. The main vent 
riser duct for this system is of 30x78-in. section 
and is carried to the attic in the open court in 
the center of the building. There are four 
branches in the kitchen gathering system, one 
a 20x24-in. duct to the range hoods, two 20x26- 
in. lines and the fourth an 18x20-in. duct, into 
which the exhaust inlet openings are made. A 
feature of this system is an automatic by-pass 
in the main vent riser duct at the attic floor 
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stage, 58 ft. wide by 22 ft. deep, is located at the 
Fourth Ave. side of the hall, behind which there 
is an enclosure 22 ft. in depth for dressing 
rooms and auxiliary purposes, and on the three 
other sides there are balconies at the third floor 
level, each 25 ft. in width. The space occupied 
on the fourth floor was required by a special ar- 
rangement of building framework, 6 ft. girders of 
60 ft. span having been located over the auditori- 
um to carry the building columns above and 
provide for an unobstructed space below; suffi- 
cient room was found at the rear for the heat- 
and ventilating equipment for the auditorium 
below. , 

The auditorium of the hall is equipped for 
indirect heating and ventilation on the downward 
system, the arrangement of apparatus and duct 
work for which is shown in the fourth floor and 
balcony plans. All fresh air is delivered to the 
auditorium through eight large outlets in the 
domed ceiling, while the exhaust is taken from 
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800 cu. ft. per min., giving thus a delivery ve- 
locity through the trunk duct of 4,750 ft. per 
min. The velocity is reduced in the branches 
to the various delivery outlets to 2,500 ft. per 
min. or less, and the outlets themselves are all 
of conical shape, expanding downward to cir- 
cular openings, 42 in. in diameter, in order to 
still further reduce the velocity; each outlet de- 
livers 4,350 cu. ft. per min. at a velocity of 
about 450 ft. per minute. 

The fresh air supply fan is a 9-ft. full-housed 
steel-plate blower which has an intake through 
a filter room in the corner of the building and 
delivers through a reheating chamber to the de- 
livery duct. This fan is belt driven by a 30- 
h.-p. General Electric motor and at the normal 
speed of 180 r.p.m. delivers 34,800 cu. ft. per 
min. at a pressure of 0.53 oz. The system has 
tempering coils on the inlet side of the fan and 
reheating coils on the delivery, the latter being 
controlled from the temperature of air delivered 
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Details of Heating and Ventilating Equipment of Music Hall, New Wanamaker Store. 


which, in case of fire in the duct, will cause 
the by-pass to open and discharge directly into 
the outlet hood; this by-pass has a fusible link 
which normally holds the damper in such a po- 
sition as to admit the vent to the exhaust blower, 
but upon melting, due to excessive heat, the link 
permits the damper to drop and by-pass the fan. 

Music Hall Ventilation—An interesting fea- 
ture on the second floor is a large music hall for 
entertainments, recitals, exhibitions of pianos and 
other musical instruments, which introduced 
problems in ventilation similar to those encoun- 
tered in theatre buildings. The hall has a total 
seating capacity of about 1,200 and occupies a 
space 110 ft. square, at the Fourth Ave. and 
Ninth St. corner of the building upon the second, 
third and fourth floors, the volume enclosed in 
the auditorium being nearly 250,000 cu. ft. The 


many small openings in the front of the 
stage just above the floor, under the balcony 
and through the fronts of the tier risers in the 
balcony. The system is designed to supply ap- 
proximately 30 cu. ft. of air per minute per per- 
son for the full seating capacity, while the ex- 
haust system removes practically the same vol- 
ume, but by means of distributed openings serves 
to make the ventilation effective in all portions 
of the hall. The fresh air supply system has an 
air filter and tempering and reheating coils, the 
latter with thermostatic control. The fresh air 
supply system is very simple, having a single 
24x44-in. duct from the supply fan in the corner 
to the area over the ceiling of the auditorium and 
branches to the eight downward openings through 
the top of the domed ceiling. This system is 
designed for a normal delivery capacity of 34,- 


by the Powers system of heat regulation. For 
the steam supply to these coils, there is a 6-in. 
riser carried up from the fan coil main in the 
sub-basement and a 3-in. return for the Webster 
vacuum return connection. The tempering coils 
are three sections of No. 40 A. B. C. stack with 
2,100 sq. ft. of heating surface, while the reheat- 
ing coil has three sections of No. 31 A. Br C. 
stack with 1,200 sq. ft. of surface. 

The fresh air intake is through a settling cham- 
ber, 12 ft. square, in the corner of the building 
which contains an air filter of the cheese-cloth 
type and the tempering coils, a window on the 
Ninth St. side serving as the air inlet. This air 
filter consists of ten sections of screen each 30 
in. wide and 12 ft. high, presenting thus a total 
filtering surface of 300 sq. ft., and having filter- 
ing velocity of 116 ft. per min. when the fan is 
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“operated to the full capacity. The filters are of 
brass with fine-mesh wire netting to support the 
filter cloth, and are hinged to facilitate removal 
for cleaning. 

The exhaust system, designed to remove 35,- 
4oo cu. ft. of air per minute from the auditori- 
um, has four main divisions as shown in the bal- 
cony plan, one leading to openings in the front 
of the stage, another to openings in the audi- 
torium side walls beneath the balconies, and the 
other two to outlets in the balcony tier risers. 
The former has 24 inlet openings, each with an 
8x24-in. register, designed for an inflow of 340 
ft, per min. These inlets are connected to two 
trunk ducts, one 18x22 in. and the other 14x28 
in. in section, which lead up at the left-hand 
side of the stage to the fan room, the exhaust 
capacity of this division being 10,870 cu. ft. 
per min. The auditorium sidewall division has 
twenty openings beneath the balconies on the 
inner or store sides of the hall only, each. hav- 
ing a 12x18-in. register designed for an inflow 
of 290 ft. per min. This divison removes a total 
of 8,700 cu. ft. of air per min., the trunk duct 
connecting through an 18x38-in. riser to the ex- 
haust system mains. The two balcony floor divi- 
sions have together 48 openings, each a 6x24- 
in. register, the system being designed for an 
inflow rate at these points of 290 ft. per min. 
Each half has a capacity of 6,960 cu. ft. per min., 
and connects with the exhaust system through 
a 28x18-in. riser duct. There are also auxil- 
iary connections to the dressing and toilet rooms 
at the rear of the stage, which remove 1,910 
cu. ft. per min. The exhaust fan is a o0-ft. 


Plan 


full-housed blower, of a capacity of 35,400 cu. ft. 
per min. at 135 r. p. m., and is belt driven from 
a 30-h.-p. General Electric motor. It draws air 
from an exhaust chamber 10 ft. square, and de- 
livers through a window opening upon the 
Fourth Ave. side. This fan and also the fresh 
air fan and heating stacks, are of the American 
Blower Co.’s make. 

The heating and ventilating installation was 
designed by the architects for the building, D. H. 
Burnham & Co., Chicago. It was installed, to- 
gether with the steam plant and piping, by Gillis 
& Geoghegan, heating contractors, New York. 


Tue InstiruTion or MecHANICAL ENGINEERS of 
reat Britain had a most prosperous record during 
1905. According to the report of the Council, pre- 
sented at the annual meeting last month, the mem- 
bership comprises 9 honorary members, 2,427 mem- 
bers, 1,748 associate members, 72 associates and 
494 graduates, a total of 4,750. The balance of 
revenue over expenditures was about $8,000. The 
total investments and other assets are about $370,- 
000, and after deducting debentures and funds 
set aside for leasehold and debenture redemption, 
the Institution’s capital is over $200,000. The 
Steam Engine Research Committee presented an 
elaborate report giving the results of eight years’ 
experiments by Prof. Capper, and the Alloys Re- 
search Committee presented its seventh report, 
covering investigations of a series of iron-nickel- 
manganese-carbon alloys. The committee is now 
working on alloys of copper and aluminum. 
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The Chicago Drainage Canal Decision in the 
Supreme Court. 


On Feb. 19 the United States Supreme Court 
delivered its decision in the action of the State 
of Missouri against the State of Illinois for the 
alleged pollution of the St. Louis water supply 
by Chicago sewage. The main suit has Leen be- 
fore the court over six years. The tiking of 
testimony occupied 317 days and nearly 300 wit- 
nesses were examined, of whom 35 were techni- 
cal experts. The record in the case is the largest 
in the court’s annals, the testimony taking up nine 
printed volumes of a thousand pages each. The 
opinion of the court’ reads as follows: 

Nature of Swit—tThis is a suit brought by the 
State of Missouri to restrain the discharge of 
the sewage of Chicago through an artificial chan- 
nel into the Des Plaines river, in the State of 
Illinois. That river empties into the Illinois river, 
and the latter empties into the Mississippi at a 
point about 43 miles above the city of St. Louis. 
It was alleged in the bill that the result of the 
thredtened discharge would be to. send 1,500 tons 
of poisonous filth daily into the Mississippi, to 
deposit great quantities of same upon the part 
of the bed of the last-named river belonging to 
the plaintiff, and so to poison the water of that 
river, upon which various of the plaintiff’s cities, 
towns and inhabitants depended, as to make it 
unfit for drinking, agricultural or manufacturing 
purposes. It was alleged that the defendant sani- 
tary district was acting in pursuance of a statute 
of the State of Illinois and as an agency of that 
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ters of detail, the jurisdiction and authority of 
this court to deal with such a case as that is not 
open to doubt; but the evidence now is on the 
actual facts, which have required for their estab- 
lishment the most ingenious experiments, and for 
their interpretation the most subtle speculations 
of modern science, and therefore it becomes neces- 
sary at the present stage to consider somewhat 
more nicely than heretofore how the evidence is 
to be approached. 

Jurisdiction.—The first question to be answered 
was put in a well-known case of the Wheeling 
bridge—Pennsylvania vs. Wheeling and Belmont 
bridge company, 13 Howard, 518. In that case 
also there was a bill brought by a State to re- 
strain a public nuisance, the erection of a bridge 
alleged to obstruct navigation, and a supplemen- 
tal bill to abate it after it was erected. 

The question was put most explicitly by the 
dissenting judges, but it was accepted by all as 
fundamental. The chief justice observed that if 
the bridge was a nuisance it was an offense 
against the sovereignty whose laws had been 
violated, and he asked what sovereignty that 
was. (13 Howard, 561; Daniel, J., 13 Howard, 
599. See also Kansas vs. Colorado, 185 U. S., 
125.) It could not be Virginia, because that 
State had purported to authorize it by statute. 
The chief justice found no prohibition by the 
United States. (13 Howard, 580.) No third 
source of law was suggested by any one. The 
majority accepted the chief justice’s postulate, 
and found an answer in what Congress had done. 

It hardly was disputed that Congress could 
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State. The case is stated at length in 180 U. S., 
208, where a demurrer to the bill was overruled. 
‘A supplemental bill alleges that since the filing 
of original bill the drainage canal has been opened 
and put into operation, and has produced, and is 
producing, all the evils which were apprehended 
when the injunction was first asked. The an- 
swers deny the plaintiff’s case, allege that the new 
plan sends the water of the Illinois river into the 
Mississippi much purer than it was before; that 
many towns and cities of the plaintiff along the 
Missouri and Mississippi discharge their sewage 
into those rivers, and that if there is any trouble 
the plaintiff must look nearer home for the cause. 

The decision upon the demurrer discussed 
mainly the jurisdiction of the court, and, as leave 
to answer was given when the demurrer was 
overruled, naturally there was no very precise 
consideration Of the principles of law to be ap- 
plied that the plaintiff should prove its case; 
that was left to the future, with the general 
intimation that the nuisance must be made out 
upon determinate and satisfactory evidence, that 
it must not be doubtful, and that the danger must 
be shown to be real and immediate. The nuis- 
ance set forth in the bill was one which would 
be of international importance—a visible change 
of a great river from a pure stream into a pol- 
luted and poisoned ditch. The only question pre- 
sented was whether, as between the States of 
the Union, this court was competent to deal with 
a situation which, if it arise between independent 
sovereignties might lead to war. Whatever dif- 
ferences of opinion there might be upon mat- 


Sy Engineering Record 


in Sub-Basement, New Wanamaker Store. 


deal with the matter under its power to regulate 
commerce. The majority observed that, although 
Congress had not declared in terms that a State 
should not obstruct the navigation of the Ohio 
by bridges, yet it had regulated navigation on 
that river in various ways, and had sanctioned 
the compact between Virginia and Kentucky when 
Kentucky was let into the Union. By that, com- 
pact the use and navigation of the Ohio, so far 
as the territory of either State lay thereon, was 
to be free and common to the citizens of the 
United States. The compact, by the sanction 
of Congress, had become a law of the Union. 
A State law which violated it was unconstitu- 
tional; obstructing the navigation of the river 
was said to violate it, and it was added that more 
was not necessary to give a civil remedy for in- 
jury done by the obstruction. (13 Howard, 565 
and 566.) 

At a later stage of the case, after Congress 
had authorized the bridge, it was stated again, 
in so many words, that ground of the former 
decision was that “the act of the legislature of 
Virginia afforded no authority or justification. 
It was in conflict with the acts of Congress, which 
were the paramount law.” (18 Howard, 421- 
420.) 

In the case at bar, whether Congress could act 
or not, there is no suggestion that it has for- 
bidden the action of Illinois. The only ground 
on which that State’s conduct can be called in 
question is one which must be implied from the 
words of the Constitution. The Constitution ex- 
tends the judicial power of the United States to 
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controversies between two or more States, and 
between a State and citizens of another State, 
and gives this court original jurisdiction in a 
caes to which a State shall be a party; therefore, 
if one State raises a controversy with another, 
this court must determine whether there is any 
principle of law; and, if any, what, on which the 
plaintiff can recover. But the fact that this court 
must decide does not mean, of course, that it 
takes the place of a legislature. Some principles 
it must have power to declare; for instance, when 
a dispute arises about boundaries, this court must 
determine the line, and in doing so must be gov- 
erned by rules explicitly or implicitly recognized. 
(Rhode Island vs. Massachusetts, 12 pet., 657- 
737.) It must follow and apply those rules, even 
if legislation of one or both of the States seems 
to stand in the way. But the words of the Con- 
stitution would be a narrow ground upon which 
to construct and apply to the relations between 
States the same system of municipal law in all 
its details which would be applied between in- 
dividuals. If we suppose a case which did not 
fall within the power of Congress to regulate, 
the result of a declaration of rights by this court 
would be the establishment of a rule which would 
be irrevocable by any power except that of this 
court to reverse its own decision, an amendment 
of the Constitution or probably an agreement be- 
tween the States sanctioned by the legislature of 
the United States. 

The difficulties in the way of establishing such 
a system of law might not be insuperable, but 
they’ would be great and new. ‘Take the- ques- 
tion of prescription in a case like the present. 
The reasons on which prescription of a public 
nuisance is denied or may be granted to an in- 
dividual as against the sovereign power to which 
he is subjected have no application to an inde- 
pendent State. (See 1 Oppenheim. International 
Law, 293, sections 241-243.) It would be con- 
tradicting a fundamental principle of human na- 
ture to allow no effect to be attached to lapse 
of time, however long (Davis vs. Mills, 194 Uni- 
ted States, 451, 457), yet the fixing of a definite 
time usually belongs to the legislature rather 
than the courts. The courts did fix a time in 
the rule against perpetuities, but the usual course, 
as in the instances of the statutes of limitation, 
the duration of patents, the age of majority, etc., 
is to depend upon the lawmaking power. 

It is decided that a case such as is made by 
the bill may be a ground for relief. The purpose 
of the foregoing observations is not, then, to lay 
a foundation for departing from that decision, 
but simply to illustrate the great and serious 
caution with which it is necessary to approach 
the question whether a case is true. It may be 
imagined that a nuisance might be created by a 
State upon a navigable river like the Danube, 
which would amount to a casus belli for a State 
lower down, unless removed. If such a nuis- 
ance were created by a State upon the Mississippi, 
the controversy would be resolved by the more 
peaceful means of a suit in this court. But it 
does not follow that every matter which would 
warrant a resort to equity by one citizen against 
another in the same jurisdiction equally would 
warrant an interference by this court with the 
action of a State. It hardly can be that we should 
be warranted in declaring statutes ordaining such 
action void in every instance where the circuit 
court might intervene in a private suit, upon no 
other ground than analogy to some selected sys- 
tem of municipal law, and the fact that we have 
jurisdiction over controversies between States. 
The nearest analogy would be found in those 
cases in which an easement has been declared in 
favor of land in one State over land in another; 
but there the right is recognized on the assump- 
tion of a concurrence between the two States, 
the one, so to speak, offering the right, the other 
permitting it to be accepted. (Manville Co. vs. 


THE ENGINEERING RECORD. 


Worcester, 138 Mass., 89.) But when the State 
itself is concerned, and, by its legislation, ex- 
pressly repudiates the right to set up, an entirely 
different question is presented. 

Grave Importance of Suit—Before this court 
ought to intervene the case should be of serious 
magnitude, clearly and fully proved, and the 
principle to be applied should be one which the 
court is prepared deliberately to maintain against 
all considerations on the other side. (See Kan- 
sas vs. Colorado, 185 United States, 125.) As to 
the principle of law to be laid down, the caution 
necessary is manifest. It is a question of the 
first magnitude whether the destiny of the great 
rivers is to be the sewers of the cities along 
their banks or to be protected against every- 
thing which threatens their purity. To decide 
the whole matter at one blow by an irevocable 
flat would be at least premature. If we are to 
judge by what the plaintiff itself permits, the 
discharge of sewage. into the Mississippi by 
cities and towns is to be expected. We be- 
lieve that the practice of discharging into the 
river is general along its banks, except where 
the levees of Louisiana have led to a different 
course. The argument for the plaintiff asserts 
it to be proper within certain limits. These 
are facts to be considered. Even in cases be- 
tween individuals some consideration is given 
to the practical course of events. In the black 
country of England it would not be expected 
to stand upon extreme rights. (St. Helens 
Smithing Co. vs. Tipping, 11 H. L. C., 642. See 
Boston Ferrule Co. vs. Hills, 159 Mass., 147, 150.) 
Whereas here the plaintiff has sovereign powers 
and deliberately permits discharges similar to 
those of which it complains; it not only offers 
a standard to which the defendant has the right 
to appeal, but, as some of those discharges are 
above the intake of St. Louis, it warrants the 
defendants in demanding the strictest proof that 
the plaintiff's own conduct does not produce the 
result, or, at least, so conduce to it, that courts 
should not be curious to apportion the blame. 
We have studied the plaintiff's statement of the 
facts in detail and have perused the evidence, 
but it is unnecessary for the purposes of decision 
to do more than give the general result in a very 
simple way. At the outset we cannot but be 
struck by the consideration that if this suit had 


been brought fifty years ago it almost necessar- . 


ily would have failed. There is no pretense that 
there is a nuisance of the simple kind that was 
known to the older common law. 

The River Contamination—There is nothing 
that could be detected by the unassisted senses— 
no visible increase of filth, no new smell. On 
the contrary, it is proved that the great volume 
of pure water from Lake Michigan, which is 
mixed with the sewage at the start, has improved 
the Illinois river in these respects to a notice- 
able extent. Formerly it was sluggish: and ill 
smelling; now it is a comparatively clear stream, 
in which edible fish have returned. Its water 
is drunk by the fishermen, it is said, without 
evil results. The plaintiff's case depends upon 
an inference of the unseen. It draws the infer- 
ence from two propositions: first, that typhoid 
fever has increased considerably since the 
change, and that other explanations have. been 
disproved; and second, that the bacillus of ty- 
phoid can and does survive the journey and 
reach the intake of St. Louis in the Mississippi. 
We assume the now prevailing scientific explana- 
tion of typhoid fever to be correct; but when 
we go beyond that assumption everything is in- 
volved in doubt. The data upon which an in- 
crease in deaths from typhoid fever in St. Louis 
is alleged or disputed, to the elimination of other 
causes, is denied. 

The experts differ as to the time and distance 
within which a stream can purify itself. No 
case of an epidemic caused by infection at so 
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remote a source is brought forward, and the 
cases which are produced are controverted. The 
plaintiff obviously must be cautious upon this 
point, for if this suit should succeed many others 
would follow, and it not improbably would find 
itself a defendant to a bill by one or more of the 
States. lower down upon the Mississippi. The 
distance which the sewage has to travel (375 
miles) is not open to debate, but the time of 
transit to be inferred from experiments with 
floats is estimated as varying from eight to 
eighteen and one-half days, with forty-eight 
hours more from intake to distribution, and 
when corrected by observation of bacteria is 
greatly prolonged by the defendant. Experi- 
ments of the defendant’s experts lead them to 
the opinion that a typhoid bacillus could not sur- 
vive the journey, while those on the other side 
maintain that it might live and keep its power 
for twenty-five days or more and arrive at St. 
Louis. Upon the question at issue, whether the 
new discharge from Chicago hurts St. Louis, 
there is a categorical contradiction between the 
experts on the two sides. 


The Chicago drainage canal was opened on 
January 17, 1900. The deaths from typhoid fever 
in St. Louis before and after that date are stated 
somewhat differently in different places. We give 
them mainly from the plaintiff’s brief: 1890, 140; 
1891, 165; 1892, 411; 1893, 215; 1894, 171; 1895, 
106; 1806, 106; 1807, 125; 1808, 95; 1800, 131; 
1900, 154; IQOI, 181; I902, 216; 1903, 281. It is 
argued for the defendant that the numbers for 
the later years have been enlarged by carrying 
over cases which, in ,earlier years would have 
been put into a miscellaneous column (intermit- 
tent, remittent, typhoid malarial, etc.) but we 
assume that the increase is real. Nevertheless, 
comparing the last four years with the earlier 
ones, it is obvious that the ground for specific 
inference is very narrow if we stopped at this 
point. The plaintiff argues that the increase 
must be due to Chicago, since there is nothing 
corresponding to it in the watersheds of the 
Missouri or the Mississippi. On the other hand, 
the defendant points out that there has been no 
such enhanced rate of typhoid on the banks of 
the Illinois as would have been found if the 
opening of the drainage canal were the true 
cause. 


Both sides agree that the detection of typhoid 
bacillus in the water is not to be expected; but 
that the plaintiff relies upon proof that such 
bacilli are discharged into the Chicago sewage 
in considerable quantities; that the number of 
bacilli in the water of the Illinois is much in- 
creased, including the bacillus coli communis, 
which is admitted to be an index of contamina- 
tion, and that the chemical analysis leads to the 
same inference. To prove that typhoid bacillus 
could make the journey, an experiment was tried 
with the bacillus prodigiosus, which seems to 
have been unknown, or nearly unknown, in these 
waters. 


After preliminary trials, in which these bacilli 
emptied into the Mississippi, near the mouth of 
the Illinois, were found near the St. Louis in- 
take and in St. Louis in time varying from 
three days to a month, 107 barrels of the same, 
said to contain 1,000,000,000 bacilli to the cubic 
centimeter, were put into the drainage canal 
near the starting point on November 6, and on 
December 4 an example was found at the St. 
Louis intake tower. Four others were found 
on the three following days, two at the tower 
and two at the mouth of the Illinois. As this 
bacillus is asserted to have about the same length 
of life in sunlight in living waters as the bacillus 
typhus, although it is a little more hardy, the 
experiment was thought to prove one element 
of the plaintiff's case, although the small number 
found in many samples of water is thought by 
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the other side to indicate that practically no 


_ typhoid germs would get through. 


It seems to be conceded that purification by 
the large dilution from Lake Michigan (nine 
parts or more in ten) would increase the dan- 
ger, as it now generally is believed that the 
bacteria of decay, the saprophytes, which flourish 
in stagnant pools, destroy the pathogenic germs. 
Of course, the addition of so much water to 
the Illinois also increases its speed. On the 
other hand, the defendant’s evidence shows a 
reduction in the chemical and bacterial accom- 
paniments of pollution in a given quantity of 
water which would be natural in view of the 
mixture of nine parts to one from Lake Michi- 
gan. It affirms that the drainage of the Illinois 
is better, or no worse, at its mouth than it was 
before, and makes it at least uncertain how much 
of the present pollution is due to Chicago and 
how much to sources further down, not com- 
plained of in the bill. It contends that if any 
bacilli should get through they would be scat- 
tered and feeble, and could do no harm. The 
defendant also sets against the experiment with 
the bacillus prodigiosus a no less striking ex- 
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linois. What will protect against one will pro- 
tect against another. The presence of causes of 
infection from the plaintiff’s action makes the 
case weaker in principle as well as harder to 
prove than one in which all came from a single 
source. 

Some stress was laid on the proposition that 


Chicago is not on the natural watershed of the. 


Mississippi because of a rise of a few feet be- 
tween the Des Plaines and Chicago rivers. We 
perceive no reason for a distinction on this 
ground. The natural features relied upon are 
of the smallest; and if, under any circumstances, 
they could affect the case, it is enough to say 
that Illinois brought Chicago into the Mississippi 
watershed in pursuance not only of its own 
statutes, but also of the acts of Congress of 
March 30, 1822 (C. 14, 3 St. 659) and March 2, 
1827 (CG. 51, 4 St. 234), the validity of which is 
not disputed. (Wisconsin vs. Duluth, 96 U. S. 
379). Of course, these acts do not grant the 
right to discharge sewage, but the case stands no 
differently in point of law from a suit because 
of the discharge from Peoria into the Illinois, or 


from any other or all the othér cities on the 
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periment with typoid germs suspended in the 
Illinois river in a permeable sac. According to 
this, the duration of the life of these germs has 
been much exaggerated, and in that water would 
not be more than three or four days. It is sug- 
gested by way of criticism that the germs may 
not have been of normal strength, that the con- 
ditions were less favorable than if they had float- 
ed down in a comparatively unchanging body of 
water, and that the germs may have escaped, but 
the experiment raises at least a serious doubt. 
Further, it hardly is denied that there is no 
parellelism in detail between the increase and de- 
crease of typhoid fever in Chicago and St. Louis. 
The defendant’s experts maintain that the water 
of the Missouri is worse than that of the Illinois, 
while it contributes a much larger proportion to 
the intake. ’ 

What St. Louis Should Do.—The evidence is 
very strong that it is necessary for St. Louis 
to take preventive measures, by filtration or 
otherwise, against the dangers of the plaintiff's 
own creation or from other sources than the II- 


banks of that stream. We might go more into 
detail, but we believe that we have said enough 
to explain our point of view, and our opinion 
of the evidence as it stands. 

What the future may develop, of course, we 
can not tell; but our conclusion, upon the pres- 
ent evidence is that the case proved falls so far 
below the allegation of the bill that it is not 
brought within the principles heretofore estab- 
lished in the cause. 

Bill dismissed without prejudice. 


A Wirtnc FormvuLa easily worked on the 
slide rule has been suggested by Mr. M. S. How- 
arda7 Ibis #210) log (S00. = DT), where 
n is the number of the wire, V the drop in volts, 
D the distance in feet, and J the load in am- 
peres. After performing the operations indicat- 
ed within the parenthesis, using the C and D 
scales, the 10 of the C scale will be found oppo- 
site a number on the D scale, which should have 
its logarithm read by means of the scale on the 
reverse side of the slide. 
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Reinforced-Concrete Subways on the 
Chicago, Burlington & Quincy Ry. 


“ The Chicago, Burlington & Quincy Ry. is 
building a large classification yard at Galesburg, 
Ill, included in the construction of which are 
two under-grade highway crossings carried 
through reinforced concrete subways. One of 
these subways is 386 ft., and the other 420 ft. 
long, both of them providing for traffic on ex- 
isting highways, extending across the site of the 
yard. Two highways intersect at right angles 
about 250 ft. to one side of the tracks near the 
south end of the yard and both of them cross 
the tracks, one at an angle of nearly 80 deg., 
and the other at an angle of about 20 deg. The 
two crossings have been combined in one at 
right angles to the tracks and just above the in- 
tersection of the two highways. A diagonal ap- 
proach, 280 ft. long, extends from this intersec- 
tion to one portal of the subway in which this 
crossing is made. This subway is 386 ft. long 
extending under the site of the yards. At the 
opposite end two approaches extend at right 
angles to the center line of the subway and 
parallel to the yard tracks, one connecting with 
the highway which formerly crossed the tracks 
at an angle below and the other connecting with 
the highway which crossed them above the sub-. 
way site. The 420-ft. subway is located 1 mile 
above this one where another highway is car- 
ried under the site of the yard. 

Design.—-The land in the vicinity of the yard 
and the subways is practically level. Although 
some of the tracks in the yard are on em- 
bankments to provide the grades necessary for 
gravity operation, the subways had to be built 
entirely below the natural ‘surface and low 
enough to provide for 1 ft. of ballast over their 
tops to carry the tracks. The general design 
of both subways is the same and is shown in 
the accompanying reproductions of various sec- 
tions of them. The plans for the structure were 
developed from the standard designs of the 
bridge department of the Burlington Ry. for 
flat top box culverts. The barrel of each sub- 
way is rectangular in cross-section, 30.5 ft. wide 
and 17 ft. high overall. It has a flat-bottom 
floor, vertical sidewalls and a flat roof, with 
only sufficient slope on top for drainage. Each 
subway is divided longitudinally at the center 
by an arched wall which extends the length of 
the structure. A clear width of 13 ft. is pro- 
vided between this division wall and each of 
the sidewalls, the minimum clear height being 
12.5 ft. The highway traffic will be carried di- 
rectly on the surface of the concrete floor. 
The traffic in one direction will pass through 
on one side and that in the other direction on 
the other side of the division wall. A path- 
way 3 ft. wide for pedestrians is also pro-~ 
vided against one of the sidewalls. 

The floor is 2 ft} 3 in: thick at the center, 
with its upper surface crowned until the thick- 
ness of the floor is 1 ft. 9 in. at its junction 
with the sidewalls. There being a probability 
that the floor will be subjected to upward hy- 
drostatic pressure from ground water as well 
to the loads brought on it by traffic, the con- 
crete is reinforced near both surfaces of the 
floor slab. The lower layer of reinforcement 
is placed 3 in. from the bottom surface. It 
consists of %-in. bars placed longitudinally on 
6-in. centers, and of 7%-in. transverse bars, I0 
ft. long, placed on 5-in. centers, with the mid- 
dle of the bars on the longitudinal center line 
of the division wall. Every twelfth one of the 
transverse bars is 30 ft. long, extending un- 
der the sidewall at each end. The upper layer 
of reinforcement consists of longitudinal 1%-in. 
bars, 6 in. on centers, the bars being placed to 
follow the crown of the surface and 6 in. below 
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the latter. Directly under the longitudinal bars 
are 7-in. transverse bars spaced 5 in. on cen- 
ters. These transverse bars are in sets of three, 
one 10.5 ft., the second 13 ft. and the third 30 
ft. long. These are distributed uniformly and 
the ends of the short bars turned down to pro- 
vide for shearing stresses, the floor being con- 
sidered a beam loaded from below. 

The side walls are reinforced 3 in. from the 
inner face only. This reinforcement consists 
of 34-in. vertical bars, 5%4-in. on centers, ex- 
tending into the concrete of the top and bot- 
tom of the structure. Back of these bars are 
lZ-in. horizontal bars placed longitudinally on 
1-ft. centers to provide for longitudinal stresses. 
The arches in the division wall have 6-ft. spans, 
with bench walls 7 ft. high, above which the rise 
of the arch is 3 ft. The bench walls are 1.5 ft. 
thick and 2 ft. wide and are each reinforced with 
six 7£-in. bars, three bars in a row near each side. 
These bars are 16 ft. long and are anchored at 
the bottom in the concrete of the floor. The tops 
of the end bars in each row of 3 are bent over 
the haunches of the arches, while the middle 
bar is vertical The 7-in. horizontal bars 
are placed longitudinally 3 in. above the crown 
of the arches. The roof is built and reinforced 
practically the same as the floor with the ex- 
ception that it is bottom side up when compared 
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and the latter is very flat in the vicinity of the 
subways. The run-off from the, approaches is 
carried to the subways by gutters-on each side 
of the roadways. <A catch basin is placed on 
each side of both portals and other catch basins 
and manholes are distributed through the barrel 
of the subway as required. These basins are con- 
nected by 12-in. drains and the water is car- 
ried from each subway to an outlet by a 12-in. 
sewer. Owing to the depth of the floor below 
the surface and the extremely flat slopes of the 
surrounding country the sewer from the shorter 
subway had to be carried 34 mile where it joins 
the sewer from the other subway, which is also 
nearly 34 mile from this junction. The sewer 
from both subways is 12-in. hub and spigot 
vitrified sewer pipe laid with cement joints; a 
sewer is continued for about a mile from the 
junction of the two 12-in. laterals. The trenches 
for these sewers are from Io to 21 ft. deep and 
were all dug by a Chicago trench excavator made 
by the Municipal Engineering & Contracting 
Co. The machine cut to the full depth of the 
trenches in passing over once. Some very heavy 
wet clay which occasioned much trouble in sheet- 
ing the trenches to prevent their sides from slid- 
ing, was encountered at different places and in- 
terfered greatly with the progress of the work. 

Construction—The construction of both sub- 
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mixing plants was moved when the approaches 
were built. 

The construction of the other subway was car- 
ried on by the regular forces of the bridge de- 
partment of the railroad. Part of the concrete 
was made in portable mixers which could be 
hauled to the desired position and dumped after 
the concrete was mixed. Mixers holding about 
Y% cu. yd. were used in making the concrete for 
the floor of the subway and part of the walls. 
They were operated on runways on the bank 
of the trench and the concrete dumped from them 
to place down chutes. The remainder of the con- 
crete was mixed in a I-yd. mixer of about the 
same type. This mixer operated on a platform 
erected transverse to the subway and dumped 
into skips on cars on a service track along the 
bank. These skips were handled from the cars 
to place by a derrick mounted on an old steam 
shovel car. 

The two subways required 7,200 cu. yd. of 
concrete, which was made of gravel and ce- 
ment. The gravel was obtained from a pit which 
is practically free from clay, and it is of such 
character that no screening or grading was re- 
quired. Several brands of Portland cement were 
used. The concrete was made in the proportions 
of about 1 of cement to 6 of gravel, 114 bbls. 
of cement to the cubic yard “being used in the 
roof, and 1% bbl. to the cubic yard in the re- 
mainder of the structure. The concrete was made 
wet enough to pour like water according to the 
usual practice of the bridge department of the 
Burlington Ry. The only attempt at tamping 


Arrangement of Reinforcement in Burlington Subways at Galesburg, Ill. 


with the latter. The barrel of the subway is built 
without expansion joints, the longitudinal re- 
inforcement being expected to provide for tem- 
peratufe stresses. 

The diagonal approach to the subway carry- 
ing the two intersecting highways under the yard 
is 250 ft. long, and the two approaches at the 
other end of that subway are both 248.25 ft. long. 
The approaches to the other subway are both in 
line with the structure and are each 300 ft. long. 
The roads in the approaches are all built on a 
5 per cent. grade and are to be paved with brick. 
The two parallel to the railroad tracks, on one 
end of the subway carrying the intersecting high- 
ways have a retaining wall on the railroad side, 
while the embankment on the opposite side is 
sloped. Buttressed reinforced-concrete walls 
were built where the height of the retaining wall 
exceeded 13 ft. As the cost of building that 
type of wall and a gravity section wall was found, 
under the conditions, to be about balanced below 
13 ft. in height, the gravity section was adopted 
for the portion of the walls of less than that 
height. The sides of the approach at the oppo- 
site end of this subway are carried by retaining 
walls for 60 ft. from the portal; beyond the 
walls they are sloped. The sides of the ap- 
proaches to the other subway are carried by re- 
taining walls for 100 ft. from the portals. 

The floors of both subways are 15 to 16 ft. 
below the surface of the surrounding ground 


ways was carried on in open trenches which 
were excavated by wheel scrapers and teams. In 
building the subway with the straight approaches, 
the contractor, Mr. James O. Heyworth, of Chi- 
cago, first laid a service track the length of the 
trench on one bank. A concrete mixing plant 
was set up on the opposite side of this track from 
the excavation and at about the middle of the 
subway site. A second mixing plant was placed 
near one end of the subway. The concrete ma- 
terials were delivered to these plants from cars 
on some of the yard tracks which had been laid 
across the site of the subway before the con- 
struction of the latter had been commenced. A 
Smith mixer on skids was used at each plant, 
a platform for receiving materials being erected 
level with the charging hopper of the mixer. 
A service track was laid on an incline from one 
of the yard tracks to each of the receiving plat- 
forms and the materials were delivered to the 
latter in small dump cars which were hauled up 
the incline by a cable on a hoisting engine. The 
mixer at each plant discharged in skips on push 
cars on the service track parallel to the trench. 
Where concrete laying was in progress, a stiff- 
leg derrick, with a bull-wheel, and its hoisting 
engine were set on a platform on rollers over the 
service track. The skips were hauled by the 
derrick between the push cars and the position 
the concrete was to occupy. The derrick was 
moved along as the work required and one of the 


it in the forms was to work the stones back 
from the faces of the latter with a flat blade tamp- 
ing tool. The lagging of the forms was 2-in. 
matched lumber dressed one side. Johnson cor 
rugated bars were used for reinforcement, over 
300 tons being required in the two subways. 

Reinforced Concrete Piles—A number of re- 
inforced-concrete piles were driven to provide 
a foundation for a track scales and platform at 
the summit of one of the hump tracks in the 
yard. These scales are about 18 ft. above the 
ground on a sand fill made from cars. Fifty- 
two of the reinforced-concrete piles were driven 
into this fill by a drop hammer without a water 
jet. The piles are octagonal, 16 in. across the 
top, 16 ft. long, and tapered to a diameter of 
12 in. at the bottom. They are also pointed for 
about a foot. The reinforcement consists of four 
¥%4-in. Johnson corrugated bars spaced equally 
around a circle concentric with the center of the 
pile, the bars being kept 1% in. from the surface 
of the concrete. A No. 11 wire is wrapped around 
the outside of the bars to secure the properties 
of a hooped-concrete column. The piles are cast 
in moulds laid on the side. They are made of 
1:4% gravel concrete, and were seasoned at 
least three weeks before being driven. 

An ordinary derrick pile driver, with a 2,500- 
lb. hammer falling 18 ft., was used in sinking 
them. A timber follower 6 ft. long and banded 
with iron straps at both ends was placed over 
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the head of the pile to receive directly the ham- 
mer blows. The band on the lower end was 10 
in. wide and extended 6 in. over the end of the 
follower. In this 6-in. space a thick sheet of 
heavy rubber was placed, coming between the 
head of the pile and the follower. Little difficulty 
was experienced in driving the piles in this man- 
ner, although 250 to 300 blows of the hammer 
were required to sink each pile. The driving 
being entirely through fine river sand there is 
every probability that any kind of piles would 
have been driven slowly. The heads of the first 
4 or 5 piles were battered somewhat, but after 
the pile driver crew became familiar with the 
method of driving, no further battering resulted 
and the heads of most of the piles are practically 
uninjured. 

The yard at Galesburg is being built under 
the direction of Mr. T. E. Calvert, chief engi= 
neer of the Chicago, Burlington & Quincy Ry. 
Mr. R. W. Willis, division engineer at Galesburg, 
has immediate supervision of the field work. The 
structures built in connection with the yard were 


designed by the department of bridges of the 
Burlington, Mr. C. H. Cartlidge, bridge engineer. 
The construction work was also carried on un- 
der the direction of Mr. Cartlidge. 


Ty APpproprIATING a water power the town of 
Harrisonburg, Va., has recently encountered a 
singular legal snag. It bought an existing dam 
and served notice on the riparian property own- 
ers above it that the dam would be raised to ft. 
Commissioners were appointed to fix the dam- 
ages to the upstream property caused in this 
way, and one of the items they assessed against 
the town was $3,000 for the 1o-ft. fall in the 
river due to raising the dam. The town pro- 
tested against such an award because none of the 
riparian owners had property on both sides of 
the river, and consequently none of them owned 
any power privileges. The Virginia Supreme 
Court has decided, 52 S. E. Rep. 555, against 
this contention. It ruled that the town could 
not take by right of eminent doman the several 
parts of a valuable whole from different property 
owners without compensation. “The parts are 
equal to the whole, in law and in logic,” the 
court said, “and if the entirety be of value, the 
parts which constitute the entirety must poten- 
tially be of an equal value.” 
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The Burraga Dam. 


The success of mining in Australia depends to 
a large extent upon the practicability of secur- 
ing a permanent supply of water; and in many 
instances the richest mines are situated in the 
most arid localities, where there are no rivers or 
creeks, and where the evaporation and the ab- 
sorption of the soil are so great that the conserva- 
tion of any large quantity of water is a matter 
of extreme difficulty. The Lloyd Copper Co.’s 
mine at Burraga, New South Wales, is situated 
in broken and mountainous country at an eleva- 
tion of 3,000 ft. above sea-level, and is reputed 
to be one of the best low-grade copper-ore mines 
in Australia. Hitherto the reduction of the ore 
has been carried out by roasting and the rever- 
beratory furnace, the matte being sent 42 miles by 
road and 53 miles by rail to Lithgow, to be re- 
fined, before shipment to London; but now the 
company is erecting concentrating machinery and 
calciners, with a view to doubling or trebling 


The Completed Barrel of One Subway. 


the output, and it is estimated that 180,000 gal. of 
water per day will be required. 

Before determining upon a concentrating olant, 
the company instructed Mr. John H. Cardew to 
make surveys and investigations of the surround- 
ing country for the purpose of discovering a 
catchment-area sufficient for the purpose of sup- 
plying the requisite water. The valley of Thomp- 
son’s Creek, a tributary of Isabella River, was 
selected as being the only practicable catchment- 
area available, and a favorable site was selected 
for the erection of a concrete dam about 3% miles 
from the mine. Between this valley and that 
in which the mine is situated a watershed inter- 
venes, and, in order to discover a route for a 
pipe-line to connect the reservoir and the mine 
which should not involve heavy tunnel-works, 
several trial surveys were made, and eventually 
a “gap” was found which admitted of the pipes 
being laid to the hydraulic gradient, with a com- 
paratively short length of tunnel, about 25 ft. 
below the surface at the deepest part. An ac- 
count of the water works has been contributed by 
Mr. Cardew to the “Proceedings” of the Institu- 
tion of Civil Engineers, from which these notes 
are taken. 

The catchment-area of the impounding res- 
eryoir embraces 5,329 acres of undulating and 
mountainous country, timbered principally with 
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white gum and stringy bark. The upper portion 
of the drainage-basin is of granite formation, 
the hills being rock and lightly covered with 
soil. In the valleys the soil is very porous and 
sandy, but the lower portion of the creek valley 
in the vicinity of the dam is a slate formation, 
the overlying soil consisting of a stiff clay mixed 
with ironstone gravel, whilst the range of hills 
abutting on the north and east sides of the reser- 
voir site consists of hard diorite. 

The mean annual rainfall is 28.2 in. and the 
greatest rainfall ever recorded in one day is 3 
in., the records having been kept for the last 
10 years. 

In determining the size of the dam and reser- 
voir, and the quantity of water necessary to be 
impounded for the supply of the works at the 
mine, the liability to long periods of drought had 
to be considered. During the six summer months 
of the preceding year all the rain that fell was 
either evaporated or absorbed, and there was 
no flow in the creeks; it was therefore decided 
to make the storage equivalent to I year’s supply, 
so that the continuous running of the machinery 
might be assured. As already stated, the re- 
quirements of the works were 180,000 imp. gals. of 
water per day, which, for 313 working days, is 
56% million imperial gallons per annum; and 
to this must be added the quantity likely to be 
evaporated from the reservoir. The government 
astronomer of New South Wales, Mr. H. C. 
Russell, has for many years past carried out a 
series of observations on evaporation at Lake 
George, about 70 miles south of Burraga, and 
at an altitude of 2,267 ft. above sea level, the re- 
sults of which show that the mean annual evap- 
oration during +he 10 years 1886-1895 was 40 in. 
As the climatic conditions at Burraga are similar 
in every respect to those at Lake George, Mr. 
Cardew assumed that Mr. Russell’s conclusion 
would be applicable, and adopted 4o inches as 
the mean annual evaporation. The area of the 
reservoir is 31 acres, and 40 in, on that area is 
equivalent to 2814 million gallons, which, added 
to the annual requirement of 56%4 million gal- 
lons, gave the storage required as 84% million 
gallons, and the height of the waste weir was fixed 
accordingly. 

As the flow in the creeks had never been 
gauged, it was impossible to calculate exactly 
how much water the catchment-area contributed 
to the streams and what proportion of the rain- 
fall was lost by absorption and evaporation, but 
for a preliminary estimation it was assumed, after 
careful examination of the surface, that 65 per 
cent.’ was lost by these agencies. The average 
rainfall of 28.2 in. on the catchment-area of 
5,329 acres, less 65 per cent., amounts to 1,193% 
million gallons, or sufficient to fill the reservoir 
fourteen times every year, leaving 1,10834 mil- 
lion gallons to pass away down the creek to the 
settlers below the dam. Just before the dam 
was completed an opportunity occurred of actu- 
ally measuring the amount of rainfall  contrib- 
uted to the reservoir, which proved that 728 
per cent. of the rainfall was lost by evaporation 
and absorption on the catchment. 

Trial pits and trenches were sunk right across 
the site of the dam, and what was supposed at the 
time to be sound rock was located, but when ex- 
cavation for the foundations of the dam was 
commenced, and the whole site was laid bare, it 
was discovered that the rock was so laminated 
with nearly horizontal fissures, containing clay, 
gravel and wash, through which water was flow- 
ing, that it was found necessary to. remove a 
much larger body of rock than was at first 
deemed sufficient, in order to secure a solid rock 
seat for the dam. 

The dam is curved in plan, the inner face of the 
wall having a radius of 539.83 ft. The length of 
the crest measured on the curve is 425.58 ft., and 
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subtends an angle at the center of 45 deg., 10 
min. 10 sec., the versine being 41.40 ft. The dam 
is designed with a gravity section, and no reliance 
is placed upon any strength that may accrue on 
account of its curved form, as it was thought that 
the southern bank of the creek was not sufficient- 
ly abrupt to act as an abutment, the curved form 
being introduced only to minimize the effects of 
expansion and contraction. The center of grav- 
ity and center of pressure were determined 
graphically. The limit of pressure was assumed 
to be 10 tons per square foot and the density 
170 lb. per cubic foot for concrete masonry. In 
cross-section the inner face of the dam is verti- 
cal, the outer face of the upper part being curved 
to a radius of 4o ft., and on the lower part bat- 
tered to a slope of 1 horizontal to 14 vertical. 
The- greatest height of the dam is 41 ft., the width 
at the crest being 2 ft. and at the base 25.32 
ft.. The waste weir was designed as an overfall, 
and was placed at about the center of the dam, 
being calculated to provide for a rainfall of 3% 
in. in 24 hours from a full reservoir with three- 
fifths flowing off. 

During a long experience of flood investigation 
in New South Wales, and by the comparison of 
many observations compiled by the government 
astronomer, Mr. Cardew has found that the max- 
imum rainfall for one day in this district is 
very nearly one-eighth of the mean annual rain- 
fall, and that the maximum rainfall for one 
hour is nearly one-fourth of the greatest daily 
rainfall; in a period of eight hours the maximum 
rainfall is double that for one hour; in a 
period of sixteen hours it is treble, and in 24 
hours four times as great as the rainfall for one 
hour. It was therefore assumed, for the pur- 
poses of calculation of the discharge over the 
weir, that the maximum rainfall for one day 
would be 3% in,, for one hour 0.87 in., for eight 
hours 1.76 in., and for sixteen hours 2,64 in. 

Assuming that the rain is general over the 
whole area, and of sufficient duration to allow 
the flood-waters from all parts of the drainage- 
area to-reach the dam at the same time, it was 
determined, after a careful examination of the 
creeks and gullies, and the slopes of the ground 
on the catchment-area, that at least eight hours 
would be required, after the rain commenced, to 
reach the moment of maximum discharge at the 
dam; and, allowing the ratio of diminution of dis- 
charge due to area to be M34 + M., the quantity 
in cubic feet to be discharged was calculated by 
the Chamier formula, 


Q=640XRXCX MH, 

in which R= average rate of rainfall in inches 
per hour=1.76+8=0.22 for a‘ duration of 8 
hours, C=coefficient of surface discharge, de- 
termined by inspection on the ground =0.60, 
M=catchment area in square miles =8.3, 
Q=dquantity of water reaching outlet in cubic 
feet per second = 413 cu. ft. per second. 

The length of waste weir required to discharge 
this rainfall with a depth on the crest of 1 ft. 
3 in. was found from the formula, 
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in which m 0.30, to be 123 ft., but as the inlet- 
well for the supply-valves projects above the 
crest of the dam and divides the waste weir into 
two separate parts, the clear combined width was 
made 125 ft. in order to allow for diminution of 
discharge due to the contraction at the ends, 
The outlet-works consist of a semicircular 
well or valve chamber with two cast-iron outlet- 
pipes, 9 in. in diameter, laid side by side, leading 
therefrom through the wall of the dam and pro- 
vided with stop-valves on their outer ends, one 
pipe being a reserve in case of emergency. The 
well is supplied from the reservoir by three 12- 
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in. inlet-pipes, set at different levels in the semi- 
circular wall of the well and controlled by valves 
supported on brackets and worked by spindles 
from the platform on top of the well, so that water 
can be drawn at any ‘desired level, A sluice-pipe 
18 in. in diameter is laid through the base of the 
wall for the purposes of cleaning out and regulat- 
ing the discharge of the creek waters during con- 
struction. A light steel girder-bridge on top of 
the dam connects the valve-chamber with the 
shore. 

After all laminated and decayed rock had been 
removed from the foundations, the surface was 
cleaned off by means of a jet of water at a press- 
ure of 60 or 70 lb. per square inch, supplied by a 
pump, and all crevices and fissures were cleaned 
out and filled with cement grout, mixed in the 
proportion of 1 of sand to 1 of cement; a layer 
of cement mortar in the proportion of 2 of sand 
to 1 of cement was spread over the surface of the 
rock to a thickness of % in. before any concrete 
was placed in position. The concrete was laid in 
courses, 2 ft. in depth, extending from one end 
of the dam to the other, and was of two qualities, 


‘the inner face of the dam, for a thickness of 18 


in., consisting of concrete composed of 1 of cement, 
2% of sand, and 3% of crushed stone to pass 
through a ring % in. in diameter, and the outer 
face of the dam, for a thickness of 6 in., being of 
concrete composed of 1 of cement, 3 of sand, and 
5 of crushed stone to pass through a ring 1% in. 
in diameter. The heart of the dam was built of 
blocks of stone set in concrete, locally known as 
plum concrete, each stone having 6 in. of concrete 
all round, and no stone being laid nearer than 18 
in, to the inner face of the dam, or nearer than 
6 in. to the outer face, or within 2 ft. of the foun- 
dations; the stones were not larger than 16 cu. 
ft. nor smaller than 2% cu. ft., and were roughly 
squared and placed with their longest dimensions 
at right angles to the axis of the dam. All the 
stones were scrubbed and hosed clean before being 
laid in the work. 

To guard against the effects of frost, which was 
very severe at night during the winter months, 
work was suspended before sundown, and all new 
concrete was covered over with tarpaulins; before 
resuming work in the morning, the surface of the 
concrete was hosed down with boiling water be- 
fore the next course was placed in position. Dio- 
rite stone of excellent quality was obtained within 
Y% mile of the dam, its only fault being that it was 
too hard for the stone-breaker, the jaws of which 
frequently failed. 

The stone in passing through the crusher pro- 
duced comparatively little sand or dust, and it was 
found that the admixture of a small proportion of 
the dust with the concrete produced a very bene- 
ficial effect both upon the setting of the concrete 
and upon its strength. The sand used in the con- 
crete was of a very coarse character and quite 
unsuitable for making a water-tight dam, but the 
admixture of the dust from the crusher greatly 
improved the quality of the concrete in that re- 
spect. Portland cement was employed. The tests 
of the neat cement showed a tensile strength of 529 
lb. per square inch after 3 days, 607 lb. after 7 
days, and 664 Ib. after 28 days. The tests of ce- 
ment mixed with three times its weight of sand 
showed a tensile strength, after 7 days, of 229 lb. 
per square inch, and after 28 days 284 lb. The 
specific gravity of the concrete in the dam was 
found to be 2.724. 

Stout timber centers were erected the full height 
of the dam, and the casing was erected as the 
work proceeded. Great care was observed in bed- 
ding the stones in the concrete to avoid cavities, 
and the concrete was thoroughly punned around 
them; the concrete on the faces was well worked 
with spades to get a smooth surface when the 
timbers were struck. It was found that the pro- 


VoL. 53, No. to. 


portion of “plums” was 33 per cent. of the whole 
wall. 

When the dam had reached a height of about 
20 ft. above the bed of the creek, a heavy fall of 
rain occurred on the drainage area, causing a 
freshet in the creek, which the sluice-pipe was in- 
sufficient to deal with, and the water rose behind 
the wall to some height. Owing to the immaturity 
of the concrete masonry, the water forced a pas- 
sage through a joint, causing a leak just above 
the root of the apron. In order to plug the hole 
in the face of the dam and such interstitial voids 
as might exist in the heart of the masonry, liquid 
cement was injected under hydraulic pressure. An 
iron tank holding 4oo gal. was placed on the 
hillside 50 ft. above the leak. A 2-in. wrought- 
iron pipe was laid from the tank down the slope 
of the hill to the leak at the foot of the dam, 
and was connected at one end to the tank, the 
other end being provided with a valve and a short 
length of flexible pipe terminating in a nozzle, 
which was inserted into the orifice of the leak in 
the face of the dam. The face of the dam for 
6 it. above and below the hole and on either side 
was then planked over with 2-in. hardwood planks, 
tongued and grooved, with insertion laid between 
the face of the wall and the planking, a hole being 
bored through the plank over the leak to allow 
the nozzle to pass through. The planking was 
strengthened with hardwood stringers, 4 by 4 in., 
which were strutted back to the rock and wedged 
up to hold the planking against the face of the 
dam and make it water-tight under pressure; the 
nozzle was then inserted and made perfectly se- 
cure and tight by driving home and wedging. 

The tank on the hill was filled with liquid ce- 
ment kept in a thoroughly mixed state by men 
with shovels, and when everything was in readi- 
ness the valve was opened and about one-third 
of the mixing passed down the pipe into the hole. 
After an interval of 3 days the shores and plank- 
ing were removed, and it was seen that the hole 
had been most effectually filled with the cement 
grout, which, when the water rose behind the 
dam to its full height, was found to be quite 
water-tight. Although the greatest care was ob- 
served in the mixing and laying of the concrete 
to secure a water-tight wall, it was recognized that 
the coarseness of the sand would greatly militate 
against success in spite of the inner face of richer 
concrete, and it was found as the dam progressed 
and the water rose in the reservoir that a con- 
siderable leakage occurred, which appeared on the 
down-stream face of the dam like water coming 
from a very fine rose. To render the inner face 
with cement mortar made from such coarse sand 
would not improve matters; it was therefore de- 
cided to paint the inner face with neat cement 
mixed to a slurry, applied with stiff brushes, and 
well rubbed into the pores in three successive 
coats; this proved most effective, for when the 
water rose again in the reservoir the wall was 
found to be perfectly water-tight. 

The expansion and contraction in concrete 
dams when the reservoir is low is very great, 
and when the reservoir is full it is very unequal 
in different parts of the cross-section; this is es- 
pecially the case in some parts of Australia, 
where hot days and cold nights are of frequent 
occurrence, giving a range of temperature of 
about 90° F., and on that account many of the 
concrete dams in this country are badly cracked. 
In order to obviate this tendency to some extent, 
and to assist the closing of the cracks as the 
reservoir filled, the curved form of dam was 
adopted. It has been observed that the curved 
form does not render the structure altogether 
immune from cracking, and the cracks occur gen- 
erally at about one-third of the length of the 
dam from the wings, commencing at the crest, 
first as a very fine crack and afterwards opening 
out and extending down the wall a distance of 
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one-third to one-half of its height, and opening 
and closing as the reservoir empties or fills. 

It was thought that the introduction of an iron 
tie-bar in the crest of the dam, to take the ten- 
sile stress due to the contraction, would com- 
pletely preserve the dam from cracking. It has 
been proved in other works that the tempera- 
ture in the heart of the dam is constant, from 
which it may be argued that in order to ensure 
safety from cracking it is only necessary to pro- 
tect from tensile stress the upper or thinner part 
of the dam where the cracks invariably originate. 
Two 70-lb. rails would be theoretically sufficient, 
but in order to provide a margin of safety three 
70-lb. double-headed rails were laid, 6 in. below 
the level of the weir-overflow, and were jointed 
with fish-plates and embedded in the concrete. 

The pipe-line is 16,890 ft. in length and con- 
forms-+to the principal contours of the intervening 
hills. crossing a low-lying gap in the dividing- 
range, through a tunnel 1,100 ft. in length. The 
pipe is 9 in. in internal diameter and is construct- 
ed of mild wrought steel % in. in thickness. It 
is constructed in lengths of 24 ft. the plates 
being 4 ft. in length. The longitudinal joints 
are 134 in. and the transverse joints 1% in. in 
width; the rivets are 5/16 in. diameter and % in. 
pitch; the longitudinal joints are double-riveted, 
the pitch-lines being 34 in. apart, and the cylin- 
drical joints are single-riveted. Each pipe is fit- 
ted with a welded and rolled socket shrunk on, 
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dam and reservoir and part of the pipe-line was 
obtained from the Crown under the provisions 
of the Mining Act, but as part of the pipe-line 
passed through private lands, special arrangements 
had to be made with the proprietors for way- 
leave. In all cases, however, the conditions un- 
der which the land was obtained were very satis- 
factory. The following are the costs of the ma- 
terials per cubic yard used in the concrete: 


Rubble Stone. 


se 

Oigarnyinge ana nexpPlOoGivess tne cic o «cin clove oye wt erties, 4 6 
CASS WIN Ka TAO Wah eerie suis leenec paren raw ene sys ae 2 0 
LG Mee cio Se ea CeO CRIDER ae CORR AC, OC 6 6 


Broken Stone (1% inch and % inch). 


Ss. @ 
Quarrying and explosives... 0. e ce wee gaeisins 4 6 
CAT AGE WCMMITIE i auetin ins iele alae 0 eid siniflice amin ae eANG 
(Garis birea os septate tape teiece so cahcl plete wien a ae olora wile era t.. 6 
FAs aay ema sui aeecdor sia ali ise GBS: ia, wisi stag AC a. oe € 8 o 
Sand, 
fe Shera, 
Getting & carting 2 miles (ne washing necessary) 4 9 
Cement. 
ae mss id. 
Cost per cask weighing 3 cwt. 2 qr. 7 lbs.... o 11 6 
Freight by rail 149 miles from port of Sydney 0 4 4% 
Prereht Dy roOad wimesatlege wy. cj cn) ok srapsiaejarts tate Ore 4 
Searage) aid: inamditm acre c cronies tee sinse st vlcue te 0 0 4% 
(COME ISSION maar etna caer are crate. « ciaievaltolachoretee eve oo 1% 
Mrotaler, saree rnmyeetecd abe Riots sscsoal Stiayare emerees I 1 8% 


The work was carried out under contract by 
Mr. John Ahearn, of Sydney, from whose ac- 


Mold for Making Cement Pipe in Place. 
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riveted and caulked, the sockets being 3% in. 
in depth. Spigots are formed by welding the pipe- 
end to make it seamless, a welded ring 5 in. 
in width and % in. in thickness being then shrunk 
on and secured by counter-sunk rivets. All seams 
have a tarred canvas insertion and were machine- 
riveted and caulked. The pipes were tested by 
hydraulic pressure to 200 lb. per square inch 
and were then dipped in a hot bath containing 
a mixture of equal quantities of bitumen and 
distilled tar. The pipes are laid to regular grad- 
ients, and at all bends, horizontal and vertical, 
cast-iron pipes curved to 50 ft. and 25 ft. radius 
are inserted, and all joints, both in the steel 
and in the cast-iron pipes, are made with spun 
yarn gasket and ruin in with lead in the ordinary 
way. Across deep gullies the pipes are ‘carried 
on concrete pillars, expansion-pieces being in- 
serted at one end of the exposed pipe. Air- 
valves are provided at all summits, and scour- 
valves in all dips. At the end of the pipe-line 
a small storage-tank of 10,000 gal. capacity is 
provided, from which other tanks on the mine are 
supplied. The actual discharge by measurement 
was found to agree closely with the’ calculated 
delivery of 220,500 gal. per day for which the 
pipe was designed. 

The cost of the works, exclusive of the land, 
was £14,661, of which the dam cost £9,566 and 
the pipe-line £5,095. The land for the masonry 


counts the following particulars of net cost for 
the two classes of concrete have been compiled : 


Per cubic yard. 


Sa. 
Cement i 95 ae 
HMA ces ite, vec rythiAiasa sce aia a toeea k aieeera ate o 2 3% 
Broken stone (%-inch gauge) 0 5 4% 
Dimbervand Jabor “in. fixings 20 wae cles .ie eee Qe. .'6 
Mabor tin, mixing and) laying..t.. ccs... es. o 3-6 


Net cost of plant, including erection, removal 
and freight, after deducting proceeds of sale o o 11 


1:21%4:3% concrete. 


for which the contractor was paid £2 per cubic 
yard. 


Per cubic yard. 


Bi ged: 
Serre Base et idcreutoetet 5 cae ss) Dates GML eMC teRyton neue ss On aw (8 
AINE MA CIR GTS x eciedelh neha cokers nratuisaetriesh state els Oia 7, 
Broken stone (%-inch gauge)..... Metres ties.cce s oO gr 6 
I Raaho AU SSAR TRE Coe Ce ROMAN AREAS Anéhers Ratvese ORC os cat. ety eRe o.1 1% 
Wimber and labor, im: Brag os Sn of lee 2 a 923.6: 
Labor in’ mixing and laying..:....s5s..00 Ona 56 


Net cost of plant, including erection, removal 
and freight, after deducting proceeds of sale o o 11 


8 9% 


1:3:5 concrete and rubble plums. 


for which the contractor was paid £1 14s. 4%4d 
per cubic yard. 

The Paper is accompanied by two drawings, 
from which the Figures in the text have been 
prepared. 


“ the purpose, as shown in the illustration. 
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Method and Cost of Constructing Cement 


Pipe in Place. 
By Halbert P. Gillette, Consulting Engineer, New York. 


The method of making cement pipe in place 
which I shall briefly describe, is an invention of 
Mr. Ernest L. Ransome. Some years ago he 
made his first successful attempt at building ce- 
ment pipe with a movable mold, but the stress 
of business has prevented his perfecting this sys- 
tem until recently. A few weeks ago when I 
was in Rochester, N. Y., I went out to Despatch 
to see the reinforced concrete factory buildings 
that Mr. Ransome was erecting for the Foster 
Armstrong Piano Co. Among the various in- 
teresting features of this extensive work, none 
interested me as much as the cement pipe sewer 
work then under way. An 8-in. pipe was being 
built at the rate of 1 lin. ft. per minute, by six 
men and a foreman. The men were working 
with great energy, and the records show that 
they actually averaged about half this rate, their 
average being 300 lin. ft. per 1ro-hour day. 

As shown in one of the illustrations, three men 
work in the trench, one of the men packing the 
cement mortar in the mold, one continuously pull- 
ing the mold ahead by means of the lever and 
the third filling around the green pipe with 
earth. The other three men mix mortar and 
deliver it into the trench. 

Before giving the cost of this pipe, a word as 
to the method of construction: The mold is made 
of sheet steel with an inner core Io ft. long. The 
front end of this core is surrounded by a short 
steel shell that serves as the outer form for the 
cement pipe. The mortar for the pipe is packed 
in between the inner core and this outer shell 
by a man who uses a small wooden rammer for 
The 
man standing in the foreground keeps moving 
the mold forward slowly by means of the lever 
grasped in the right hand. This lever is pro- 
vided with a dog that works in a ratchet, and thus 
rotates a small drum upon which a wire rope 
is wound. The wire .rope is anchored into a 
deadman in the trench ahead. As the mold is 
thus moved forward it leaves behind it the ce- 
ment pipe, which is still green. The cement mor- 
tar, however, is mixed with a small amount of 
water so that it possesses suffciént cohesion to 
hold together when unsupported by the core. To 
protect the pipe until it hardens, it has been found 
advisable to pack a little earth around its sides 
and over the top; this is done by the third man 
in the trench, and he does this backfilling upon 
the part of the pipe that is. still supported by the 
core, 

In verbally describing this feature of the con- 
struction I have invariably been asked two ques- 
tions: 1. Does the pipe not cave in occasionally, 
especially when it is of large diameter? 2, How 
are branches put in? 

Answering the first question, Mr. Ransome says 
that caving does not occur except when some 
heavy object falls on the pipe before the cement 
has hardened. The pipe does not break down 
of its own weight even when made 3 ft. in 
diameter. 

To put in a branch a hole is cut in the side 
of the green pipe before the core has been pulled 
ahead. A branch of the proper pattern is shoved 
up tightly against the pipe, and the collar of the 
branch is plastered with cement mortar, produc- 
ing a strong water-tight joint. 

The following was the itemized cost of an 8-in. 
cement pipe built as afore described: 


6 men at $1!70 per day, ro hours. ....2.5.....000%. $10.20 
aes eye Ae le eRe IPR, INO COLNE a eet rire 2.00 
3 DBI. wROrneh AGS BEG sai biciess yb s aleiein,s nmwa'e 018s 3-75 
FBV y dGe SANG Ab SSCs se elu nur tigen’: miele qialsie's 2.80 
WA GSH Menara arch Melb atiie'lp. 6, # bias pre Owe sleiale oleiajelp la Mies  otacs a1 

DORA TOE SAO OPI theres ciclag)? eptre wee sisie'd wlabls em $19.90 


This is equivalent to 6.63 cents per lin. ft. of 
pipe. Let us compare this cost with that of vitri- 
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fied pipe. The list price of 8-in. vitrified pipe is 
50 cents per ft. and the present discount is about 
70 per cent., making the cost of the pipe 15 cents 
per ft. It costs about % cent to haul, 1% cents 
to lay, and % cent for cement, making a total of 
17% cents per ft. as compared with the 6.63 
cents above given for cement pipe built in place. 
It should be added that the shell of this particu- 
lar 8-in. cement pipe was made unusually heavy, 
being 1% in. thick. 

On another stretch of I2-in. pipe the cost was 
as follows: 


Per Day 

7 ‘einen » At, (GI. Oin!s\atame dens epeisisinln days inate a) etelp oie babar “abot $11.90 
ZT POLentan) /\icis, «a pameyeiiaioteet sie eats lielaye aus elecoatn piel 2.20 
13 bbis; cement at ‘Srisqeerse sl ces «ease wie eletere 17.30 
12 cu. yds; fine gravelial Soe. ss malew s siadiviece's eee 9.60 
Potal for 400! Fesbawk Pipes. es clap bee so ce $41.00 


This is equivalent to 10% cents per ft., as com- 
pared with about 35 cents per ft. for 12-in. vitri- 
fied pipe laid. In none of these cases is the cost 
of digging the trench included in the labor item, 
for that cost is common to all kinds of pipe 
sewers. However, due to the fact that there are 
no bells on the cement pipe and no joints to 
be made, the trench can be dug about 6 ins. 
narrower than where vitrified pipe is used, effect- 
ing considerable saving in the cost of excavation. 

Roughly speaking, vitrified pipe and labor of 
laying (not including trenching) costs about three 
times as much as cement pipe built in place, when 
prices are as above given; nor are the above 
records in any sense “record-breakers” for low 
cost. I noted that in building the 8-in. pipe the 
men in the trench were capable of putting in 
pipes at the rate of 1 lin. ft. per minute, which 
was just about twice what they averaged for the 
whole job. The speed depends very largely upon 
the man who is packing the mortar into the 
mold, and as this is hard work, it would be ad- 
visable to let him change places frequently: with 
the man who works the lever that pulls the mold 
ahead. By having two strong and willing men 
in these positions, I believe that 500 lin. ft. of 
8-in. pipe could be built in 10 hours, day in and 
day out. 

In closing, a word about the field of useful- 
ness of this kind of cement pipe. Obviously, 
cement pipe built in place is much cheaper than 
vitrified pipe at present prices. That it is likely 
to remain cheaper seems probable when we con- 
sider the fact that, with the exception of the 
cement, the materials used are raw materials, 
and that they are usually to be had without long 
freight hauls. Economy in first cost seems, there- 
fore, assured where cement pipe is used. How 
about the economy of maintenance and effective- 
ness for the purpose intended? One of the 
common defects of pipe sewers is leakiness; this 
results either in the escape of sewage where 
the surrounding soil is dry, or in the entrance 
of ground water where the surrounding soil is 
charged with water. With joints at 2 or 3-ft. 
intervals, it requires the greatest care in con- 
struction to prevent leakiness. The continuous 
cement sewer does away with this objection to 
pipe sewers entirely, 

As for durability, the long experience that 
Brooklyn has had with cement pipe sewers an- 
swers this question so satisfactorily that I need 
not dwell upon it. There appears, therefore, 
to be no reason why the continuous cement pipe 
should not be used wherever its first cost is less 
than the first cost of vitrified pipe. 

By the use of trench-digging machines and 
molds for building cement pipe in place, it is 
possible to provide towns and small cities with 
sewers at a cost amazingly low compared with 
present costs. To make it possible for contrac- 
tors to use cement sewers, however, engineers 
must call for bids on alternate plans. Bids on 
reinforced concrete sewers are being called for 
in competition with bids on brick sewers, and 

little by little, contractors are finding out that 


THE ENGINEERING RECORD. 


concrete is cheaper. In like manner, I look to 
see engineers take the initiative in building con- 
tinuous cement pipe sewers. Of course, it would 
be practicable for contractors to take the initia- 
tive by offering to substitute cement pipe for vit- 
rified pipe at lower prices. : 

While I have laid particular stress upon the 
use of cement pipe for sewers, its use is obviously 
not confined to sewers only. As a matter of fact 
one of the first lines of cement pipe built by 
Mr. Ransome was in St. Paul and it was built 
to carry water. 


A Hawaiian Pumping Plant for Irrigation. 


The Makee Sugar Company, on the island of 


Kauai, Hawaiian Territory, of which Mr. Z. S. 
Spalding is president, is installing an interesting 
pumping plant for irrigation. The primary driv- 
er will consist of a specially designed impulse 
water wheel, operating under a fall of 4oo ft. 
of water, and delivering its power continuously 
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to a Bullock alternating-current generator, direct- 
connected, at six maximum speeds, which are se- 
cured by the use of six different sets of buckets 
arranged on wheels of varying diameters. 
Mountain streams are not very numerous in the 
Hawaiian Islands and are usually in comparatively 
inaccessible places, renderirg it impossible to 
lead the water by means of flumes or ditching to 
the land to be irrigated. Furthermore, it is fre- 
quently the case that, while the quantity of water 
available is small, the head is comparatively 
great, thus enabling a large amount of horse- 
power to be obtained. Under such conditions an 
electric generator driven by a water-wheel may 
be installed at the falls and the power gener- 
ated there transmitted to a distant pumping plant 
located but a few feet above sea-level, which ob- 
tains its supply from wells or underground tun- 
nels. At such points the quantity of water avail- 
able is usually abundant. The fundamental en- 
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gineering problem, is, therefore, to utilize a small 
quantity of water under a high head to raise a 
large quantity of water to a comparatively load 
head. 

As is the experience with mountain streams 
elsewhere, the quantity of water Mr. Spalding 
has available for power varies considerably at 
different seasons; hence, he wishes at all times to 
utilize, as far as practicable, the maximum water 
supply, and, in order to get the full benefit from 
the quantity available at any time, it has been 
necessary to evolve a scheme by which speed of 
the pump can be varied in proportion to the flow 
at the source of power. The head being constant, 
the velocity of the water at the delivery nozzle 
is constant, and the horse-power varies direttly 
with the water supply. By changing the dimen- 
sions of the wheel carrying the buckets, the ro- 
tative speed of the generator is changed, while 
the speed of the water remains constant at all 
times. 


With constant field strength on the generator, 
the voltage will be directly proportional to the 
rotative speed and, as the cycles are also pro- 
portional to the rotative speed, it will be seen that 
the volts and cycles vary in a fixed ratio to each 
other. The energy from the generator being 
delivered to an induction motor, the speed of the 
motor, and therefore of the pump, will change in 
the same proportion as the speed of the gen- 
erator. As both the frequency and the voltage 
change in the same ratio, the induction motor 
will at all times be operating under conditions 
corresponding to those for which it has been de- 
signed. The generator is rated at 300 kw., three- 
phase, 60 cycles, and will have a normal speed 
of 450 r.p.m. 


The pumping plant will be located five miles 
from the power sttaion. Here is to be installed 
a Bullock induction motor of 225 h.-p., and this, 
by means of rope transmission, will drive a du- 
plex, double-acting Riedler pump, having a cap- 
acity, against 250-ft. head (including friction), 
ranging from 1,750 gal., when the water wheel 
has 5 cu. ft. per second supply of water, to 2,800 
egal. per minute (4,032,000 gal. per 24 hours) 
with a supply of 8 cu. ft. per second at the wheel. 
The speed of the pump, operated at its full cap- 
acity, will be 116 r.pm. It is to be extra heavy 
and furnished with Allis-Chalmers Co.’s latest 
improved mechanically-operated pump valves. 

The generator will have its exciter, of 8 kw., 
direct-connected to it, and the exciter has been 
so designed that it can deliver the full voltage 
and current required for excitation even at the 
minimum speed. By means of an automatic regu- 
lator, the exciter voltage will be maintained con- 
stant at all speeds of rotation and it will, there- 
fore, be unnecessary to change the adjustment of 
the generator rheostat when the speed of rota- 
tion is changed. In addition to the automatic 
regulator a hand-operated field regulator will be 
installed for use in an emergency. It was the 
original intention to use at the pumping station 
a synchronous motor, which would require a 50- 
h.-p. motor for starting, as- well as an exciter, 
controllers and apparatus for throwing the start- 
ing motor in or out; but it was found that the 
system could be simplified by the use of an in- 
duction motor. The operation of the plant re- 
mains otherwise practically the same, and of 
course the induction motor requires neither a 
starting motor nor exciter, but merely controll- 
ing apparatus. The efficiency of the whole plant 
will be the same with an induction motor as with 
a synchronous motor, while in simplicity of con- 
struction, reliability of operation, small amount 
of attention required, and also in the matter of 
first cost the induction motor has the advan- 
tage. Necessary by-pass valves are provided for 
use in starting up. Either side of the pump may 
be run separately when desired. 
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Lofty Shoring in a Brewery. 


Improvements in Doelger’s Brewery, on 55th 
St., near First Ave, New York, include the 
removal of about so ft. of a brick wall about 60 
ft. high and the extension of the building into 
the courtyard beyond it. The wall carried the 
ends of longitudinal steel and wooden beams in 
four floors and the roof and it was necessary 
to support these temporarily by vertical wooden 
shores until the steel beams and columns of the 
new structure can be erected. In the basement, 
engine room, and pump room stories this was 
easily accomplished by the use of a row of six- 
teen I2xI2-in. vertical timbers seated on hori- 
zontal 12x12-in. sills in the basement parallel 
with the wall which was to be removed. These 
timbers were cut in one-story lengths and took 
bearing at both ends, with pairs of oak wedges 
and fillers when necessary, on the original floor 


Court Wall Partly Removed, Showing Inside and Outside Shores. 


or on transverse distributing beams on the floor 
at their lower ends and at their upper ends were 
wedged directly against the lower sides of the 
longitudinal floor beams. 

The third story of the building is occupied by 
three 26x50-ft. brine tanks 11 ft. deep, which are 
covered over on top so as to virtually form an 
intermediate floor in the third story. These tanks 
occupy the full width of that portion of the 
building where the repairs are in progress and 
made it impossible to continue the system of 
shoring described for the lower stories through 
the upper part of the building. Special provision 
was therefore made for supporting one floor and 
the roof above the brine tanks. 

The tanks were carried by the brick wall and 
by three cast-iron columns about 18 ft. apart in 
a transverse row, parallel with the wall and 15 
ft. distant from it. The columns pass through 
the tanks and carry a double line of 18-in. trans- 
verse I-beams which support on their top flanges 
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the longitudinal wooden beams of the upper floor. 
They were utilized as supports from which were 
suspended in U-bars, supplemented by heavy 
chain slings, the inner ends of two pairs of 18-in. 
horizontal longitudinal I-beams about 28 ft. long. 
The outer end of each pair of beams projects 
about 6 ft. beyond the face of the wall to be 
removed and is supported with a transverse bear- 
ing block and wedges on the upper end of a 
vertical 14x1I4-in. timber about 60 ft. long. The 
lower end of the timber is adjustable with two 
sets of double wedges and is seated on timber 
cribwork, giving it a bearing of about 28 square 
ft. on the level ‘surface of the ground in the 
courtyard. A transverse line of 15-in. I-beams 
made with two pieces overlapping at the joint 
extends across the full width of building midway 
between the permanent I-beam girder and the 
wall and is supported intermediately on the pairs 
of suspended beams above described. The ends 
are seated in the 
brick side walls of 
the building. Paral- 
lel with the line of 
I-beams is a I4xI4- 
in. beam supported 


Upper floor . 


351 


employ of the contractors, Miller, Daybill & Co., 
inc., Brooklyn, N. Y., Messrs. McCuter & O’Brien 
are the builders, and the work was executed 
under the supervision of Mr. Alfred Daybill, of 
the contracting firm. 


The Design of an Isolated Power and 
Lighting Plant. 


At a recent meeting of the Electrical Engi- 
neering Society of Columbia University, Mr. 
Putnam A. Bates read a paper on “Isolated Plant 
Engineering,” which, after discussing the vari- 
ous economic and engineering features of iso- 
lated plants illustrates their application by an 
account in detail of a specific plant. 

This plant consists of several machine shops for 
doing both heavy and light work, a forge shop, a 
pattern shop, a storage loft for patterns and an 
office building. Power for the operation of machin- 
ery in the various shop buildings was originally 
supplied by two steam engines located at differ- 
ent points in the works, each supplied with steam 
from a single boiler nearby and each driving 
a long line of shafting by means of a belt. 
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in the same manner and made with two pieces 
of timber having a butt joint spliced with side 
planks bolted on. This I-beam and timber carry 
the upper floor-beams which are wedged to bear- 
ing on their top flanges. A tier of vertical shore 
timbers like those described in the lower stories 
carries the roof beams from the cantilever beams. 

The basement has a height of about 8 ft., the 
engine room 22 ft., the pump room 9g ft., the tank 
room 22 ft., the attic 8 ft. in the clear, making 
a total height of over 7o ft. for the building in- 
cluding the thickness of roof and floors. It is 
estimated that the shores under the tanks carry 
a total of about 200 tons and that the two 70-ft. 
shores under the outer ends of the suspended 
beams carry about 30. tons each. Their wedges 
are carefully examined daily and there has been 
no indication of any yielding so that it has been 
considered unnecessary to brace them. The shor- 
ing contains about 10,000 ft. of timber b. m. and 
was placed in about ten days by six men in the 
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In time these engines became worn out and 
were discarded and a number of electric motors 
were substituted for them, a semblance of indi- 
vidual drive being installed in some of the 
shops. Current for these motors and also for 
some lighting was obtained from the public ser- 
vice mains in the street, and distributed from a 
switchboard in one of the shop buildings. 

The two old boilers, however, were retained 
and kept in commission as the steam was needed 
for driving a couple of small air compressors 
in the boiler plate shop, a high pressure hydrau- 
lic pump used to furnish water under pressure 
for the operation of hydraulic tools, and a steam 
hammer in the forge shop, and for heating the 
various buildings. 

This arrangement was obviously uneconomical 
both in operating cost and in space occupied, and 
it was therefore decided to install a central power 
generating plant where all of the power required 
by the works could be economically generated, 
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and without occupying valuable space in the 
shops with boilers, feed pumps, coil piles or non- 
productive machinery. The space allotted to the 
power plant building was approximately 35 ft. 
wide by 60 ft. deep running back from the street 
to one of the shop buildings. 

These, then, were the conditions, and the 
problem was how best to meet them to secure 
the greatest economy of operation and the great- 
est return on the necessary investment. The 
first question to be answered was with regard 
to the type of plant to be installed. 

The high pressure steam-driven hydraulic 
pump and, if necessary, the steam-driven air 
compressors could be replaced by electrically 
driven apparatus, but no suitable substitute for 
the steam hammer has as yet been marketed and 
no form of heating is so well suited to the con- 
ditions which prevail at these works as that us- 
ing direct radiation from steam or hot water. 

As the advantage gained by the operation of 
the steam hammer, and the saving which could 
be accomplished during about six months of the 
year, by the use of exhaust steam for heating 
purposes, far outweighed any possible saving 
in the cost of power production which internal 
combustion engines might perhaps be able to 
show in comparison with steam-driven apparatus, 
the latter type was chosen in preference to the 
former. 

The next point to be decided was the total 
capacity required and the most advantageous 
sub-division into units. In order to obtain as 
much information as possible which would serve 
as a guide to help in determining this question, 
careful observations were made of the power 
consumption at different times of the day and 
under different conditions, and of the size, num- 
ber and character of the various motors and 
tools in the shops. A careful study was also 
made of the coal, water and electric bills for 
the preceding five years in order to ascertain 
as nearly as possible how the load conditions 
changed from month to month and year to year. 

As a result of this analysis, it was decided to 
install three electric generating units, two of 60, 
and the third of 30 kw. capacity, and a single 
-steam-driven air compressor, it being unneces- 
sary to provide a reserve machine of this type 
as the temporary crippling of this machine would 
shut down only a small portion of the works 
and would not interfere in any way with the 
other portions. 

The type of prime mover and the relative ad- 
vantages of operation with or without condens- 
ers came up next for consideration. A careful 
comparison of operating efficiency, first cost, floor 
space occupied and general suitability of the vari- 
ous types of high speed reciprocating engines 
and steam turbines, showed a very decided ad- 
vantage in favor of the vertical compound recip- 
rocating engine as applied to the conditions which 
were found to exist. 

To determine the total boiler capacity re- 
quired, it simply remained to ascertain the 
amount of steam which the engines selected will 
consume when furnishing the requisite power, as 
determined by the manufacturers’ guarantees, 
and to add to this the amount of steam which 
will be consumed by the steam hammer. In 
this manner it was found that 300 h.-p. in boiler 
capacity would be sufficient, the horse-power 
rating being based upon the well-recognized 
standard of 34% lb. of water evaporated per 
hour from and at 212° F. The desirability of 
reserving some space for future enlargement of 
the boiler plant led to the choice of two boilers 
each rated at 150 h.-p. set in a battery. 

A cross drum type of boiler with 14-ft. tubes 
was used in order to make it possible to set the 
boilers across the building, which arrangement 
was the most economical of floor space and lent 
itself best to the steam piping arangement, and 
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at the same time to remove and renew tubes 
as occasion should require. The boilers are 
built for a working pressure of 200 lb., but only 
150 lb. will be carried. They are equipped with 
a superheater designed to give 100° of superheat. 

The building for housing the apparatus de- 
cided upon is a two-story brick and steel fire- 
proof structure having the boiler and engine 
room on the first or ground floor, and a 100-ton 
steel coal bin on the second floor, the remaining 
portion of the floor being available for manu- 
facturing or other purposes. A steel plate chim- 
ney 4 ft. in diameter, and with its top 125 ft. 
above the boiler room level, also rests upon the 
second floor and is connected with the flue open- 
ings of the two boilers by means of a steel plate 
flue and breechings. 

Coal is delivered by means of a chute from 
the sidewalk to a bucket conveyor running from 
a pit in the first floor, into which the chute 
opens, to a point above the coal bin on the sec- 
ond floor. This conveyor is entirely enclosed 
and provided with a spout at the top by means 
of which the coal is deposited near the center 
of the bin. A motor on the second floor drives 
the conveyor by a belt. 

The boilers are located in a room by them- 
selves, the side wall of the setting being carried 
out to form a partition wall between the engine 
room and the boiler room. This arrangement 
necessitates the cleaning of one of the boilers 
from the engine room, but was necessary in or- 
der to obtain sufficient room for a possible future 
increase in boiler capacity. 

The coal bin is located directly over the firing 
space in front of the boilers and has two pockets, 
from the bottom of each of which hoppers are 
carried down to a height of about 5 ft. above the 
boiler room floor and terminates in valves. 

Under these hoppers a small coal charging car 
runs on rails set in the cement floor, and from 
this car the furnaces are supplied. This arrange- 
ment makes it unnecessary to carry any coal 
upon the floor of the boiler room, and, therefore, 
it is possible to keep this portion of the plant in 
a neat and cleanly condition. 

Owing to cramped space and the nature of 
the soil, which prevented excavating to any great 
depth, it was not possible to make any special 
provision for the removal of ashes, even if the 
quantity of these were sufficient to warrant the 
necessary expense, which would be involved in 
providing for this in any other way than by 
hand, through the ash pit doors. 

The feed-water heater is of the open type, the 
steam entering through an oil separator and 
mingling with cold water trickling over trays. 
Two boiler-feed pumps are installed, one being 
steam-driven and the other electrically driven. 
Although the latter is much more costly than.a 
steam pump of the same capacity its much higher 
économy of operation amply warranted the addi- 
tional expenditure. 

The three generating sets are installed in a 
row along one wall and on the other side of a 
central aisle is the air compressor, the electrically 
driven boiler-feed pump, space for an additional 
electrical generating set and a controlling and 
distributing switchboard. 

The generators are direct-current, 240-volt, 
compound-wound machines. The primary rea- 
son for the choice of this current and voltage 
was that all of the motors installed throughout 
the works were wound for that and the use of 
it makes it possible to take advantage of the 
public service as an auxiliary should it ever 
prove desirable to do so. 

The lighting is taken care of by means of a 
three-wire system, fed from a rotary balancer 
installed near the switchboard. This arrange- 
ment was considered preferable to the use of 
a 240-volt, two-wire lighting system for the rea- 
son that this higher voltage does not lend itself 


Vo. 53, No. Io. 


well to the operation of many of our higher 
power illuminants, such as the arc lamp, so use- 
ful in the economical lighting of large enclos- 
ures. 

The switchboard consists of seven panels of 
marbleized slate mounted upon an angle iron 
frame, and set 3 ft. from the wall. There is a 
generator panel for each of the three dynamos, 
a total output panel, an equalizer or balancer 
panel and a lighting feeder and power feeder 
panel. 

Each of the generator panels is equipped with 
a single lamp bracket, an ammeter, a field rheo- 
stat, a. three-pole switch, the middle pole of 
which performs the functions of an equalizer 
switch, and double-pole, double-arm, laminated 
contact circuit-breaker with carbon breaks. 

Upon the total output panel are two single 
lamp brackets, a power ammeter, a light amme- 
ter, a recording ammeter for the total current, 
a two-pole, double-throw switch, controlling the 
total current, one side being connected to the 
bus-bars and the other left blank for possible 
future connection to the public service, a regis- 
tering watt-hour meter for showing the total 
amount of electrical energy generated, a double- 
pole power switch and two smaller double-pole 
switches, one controlling the supply of current 
to the equalizer panel and the other to the cir- 


cuit feeding the electrically-driven boiler-feed — 


pump. 
The equalizer panel is equipped with two 


single light brackets, an ammeter for indicating 
‘the amounts of current flowing in the neutral 


wire of the three-phase system, and its direc- 
tion, and a voltmeter for indicating the voltage 
on either side of this system—each of these in- 
struments has the zero in the center of the scale 
and reads to the right and left—a voltmeter 
switch, the balancer field rheostat, a three-pole, 
double-throw switch for the control of the sup- 
ply of current to the lighting feeder panel, one 
side being connected to the bus-bars and the 
other left blank for possible future connection 
to the public service, a switch and starting box 
for the control of the balancer and a double- 
pole circuit breaker. 

The circuit-breaker embodies a construction 
which is rather peculiar in that the actuating 
coil is connected to the neutral wire from the 
balancer, while the blades are connected to the 
positive and negative wires, respectively, of the 
three-wire system. By this arangement an ex- 
cessive unbalancing of the lighting *circuits 
which would overload the balancer would trip 
the breaker and open the outside legs of the 
system, thus protecting the balancer from over- 
loads without runing the risk of an abnormal 
increase of potental of one side or the other of 
the system, which would, to say the least, be 
detrimental to the life of the lamps. 

Each of the feeder panels is equipped with two 
single lamp brackets and a number of feeder 
switches from which feeders are run to various 
points through the works. 

On top of the switchboard a large illuminated 
dial voltmeter and a potential indicator of the 
same size and type are mounted. These are con- 
nected to a voltmeter switch on one of the gen- 
erator panels, and to the main bus-bars respec- 
tively. 

To this switchboard are connected the circuits 
for controlling the generation of the current and 
its distribution throughout the works. 

A somewhat knotty problem was presented in 
connection with the air compressor. The amount 
of water necessary to cool the air compressor was 
estimated at 50 gal. per minute. The only avail- 
able supply of water was from the city mains, 
and the cost of this amount from that source 
was too great to be considered. It was finally 
decided to install a cooling tower upon the roof 
through. which the water could pass, after be- 
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‘coming heated in the jackets of the compressor, 
and be cooled and used again. By this arrange- 
ment only sufficient water is drawn from the 
street mains to make up the loss by evaporation, 
which is about 5 per cent. and the cost of 
the necessary electrical energy for moving the 
water is trifling compared with the saving ac- 
complished. 

The total investment necessary to accomplish 
this result was about equal to the cost of the 
water for one year if this water were allowed 
to run to waste after being used in the jackets. 


Book Notes. 


A little book that will prove welcome to a good 
many readers of this journal is Dr. A. A. Wood- 
hull’s “Personal Hygiene.” The engineer’s du- 
ties make him so familiar with the necessity of 
careful maintenance of machinery in order to 
preserve its efficiency and lengthen its period 
of usefulness, that he appreciates the mainte- 
nance problem of the human mechanism. Dr. 
Woodhull’s previous work on “Military Hygiene” 
is already familiar to many engineers who have 
been put in charge of field work, for it is a fa- 
vorite guide to camp and expeditionary sanitary 
matters. His new book is the substance of a 
course of lectures delivered before the under- 
graduate students at Princeton University, and 
is a manual that will interest anybody who ap- 
preciates the importance of physical and mental 
health. It is an eminently sane discussion of 
what to do to keep the body and mind in a good 
working condition; there are none of the exag- 
gerated statements about food, tobacco, alcohol, 
exercise and other topics that have been exploit- 
ed by cranks and ignoramuses in books and 
pamphlets without number, but there is plenty of 
good advice, clearly stated and logically ar- 
ranged. (New York, John Wiley & Sons, $1.00.) 


A little book on “Ventilation of Buildings” 
just issued in the well-known Van Nostrand Sci- 
ence Series gives the substance of lectures by 
Messrs. Wm. G. Snow and Thomas Nolan before 
the students of the architectural department of 
the University of. Pennsylvania. It is a very sat- 
isfactory little work, fully up to the high average 
of this series, and without any sacrifice of ac- 
curacy it gives the important facts of ventilation 
in such a clear way that a reader without tech- 
nical education can understand the subject. The 
calculations which must be made for ventilating 
installations are not discussed, as the subject is 
covered in a companion volume by Mr. Rafter. 
The authors first explain the general principles 
of ventilation and outline all the laws on the 
subject in the leading American cities, as, well 
as the recommendations made by sanitarians and 
engineers. The different systems of ventilation 
are next taken up, and there are interesting dis- 
cussions of fans and blowers, the relative merits 
of plenum and exhaust systems, aspirating coils, 
downward ventilation and upward ventilation. The 
final chapter is a description of the installations 
most suitable for residences, school buildings, 
churches, halls and court-rooms, theaters, hos- 
pitals, asylums, office buildings, department 
stores and manufacturing buildings. (New 
York, D. Van Nostrand Co., 50 cents.) 


Five years ago the first edition of the “Practi- 
cal Electric Railway Hand Book” by Mr. Albert 
B. Herrick was published and since that time 
it has enjoyed an unusual popularity, both 
among engineers engaged in railway work and in 
technical colleges, where it has been used to a 
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considerable extent as a textbook. This popu- 
larity is easily explained by the essentially practi 
cal nature of the book, which gives in condensed 
form the data and information the author has 
found useful in his work as a consulting electric 
railway engineer. Since it appeared there has 
been considerable progress in a number of fea- 
tures of the equipment of such roads, and some 
sections of the book have been found hardly 
complete enough to answer reasonable demands 
for the latest information. For this reason a new 
edition has been prepared, containing corrections 
of all errors detected in the book up to the be- 
ginning of the current year and considerable new 
data, in addition to a revised form of those 
sections which seemed to need rewriting. Special 
attention may be drawn to the descriptions of 
new methods of testing that are described; in fact, 
probably the best part of the book is the section 
devoted to tests of various kinds. The work as a 
whole retains the same characteristics that mark- 
ed the first edition. It opens with a selection of 
tables used by the electric railway engineer. 
This section is followed by one on testing, al- 
ready mentioned, after which track is taken up. 
The power station, the line, the car house, the 
repair shop and the rolling stock are discussed in 
the order mentioned, and the book concludes with 
a few pages on operation. (New York, McGraw 
Publishing Co., $3.00.) 


Letters to the Editor. 


IMPROVED VENTILATION AND’ HEATING. 


Str: As your paper has always taken a lead- 
ing stand on the subject of heating and ventila- 
tion I thought you might be interested to know 
how the Municipal Heating Co. of this city sug- 
gests a method of improved heating and ventilat- 
ing in a circular letter to their customers, which 
I enclose. The same will speak for itself. 

“Tn talking with an expert heating engineer, of 
how to economize in the use of steam, he gave 
the following instance of how steam may be 
wasted, without the knowledge of the consumer: 
Two brothers resided in twin houses, similar in 
size and construction. One brother, having lim- 
ited means, exercised some care in the use of his 
steam, in order to reduce his heating bills; the 
other brother enjoying a much larger income, 
made no effort to economize in this way. Upon 
comparing notes, the brothers were astonished to 
find that—for some unaccountable reason—the 
rich brother’s bill for heating was only half the 
size of the poorer brother’s. They at once placed 
the blame upon ‘defective meters,’ which, after be- 
ing interchanged, gave the same result, and an 
investigation of the pipe system within their 
houses showed a slight advantage in, the piping 
system in the poorer brother’s house. Each house 
was then inspected by a representative of the 
heating company, and upon an examination it 
was disclosed that the fireplace in the house of 
the poorer brother showed a slight draught, while 
in the case of the fireplace in the other house it 
was found that the flue was closed, the owner 
explaining that some years before he had had it 
bricked up. Thereupon the poorer brother had 
a damper put in his flue, so that it might be closed 
when not in use, resulting in the immediate re- 
duction in his heating bill. The above incident 
is cited merely to illustrate one of the many in- 
stances where steam has been wasted, and -may 
suggest to you some method of economizing.” 

This same company notified their customers 
during the fall and mild winter that it is also 
very wrong to open any windows to admit any 
fresh air that may possibly come in contact with 
their steam pipes. 

Very truly yours, 

Syracuse, N. Y. 


Epwarp Jay. 


353 


Power PLANT EcoNomIcs. 


Sir: Mr. Stott’s most valuable paper in your 
issue of Feb. 3 will be of great interest to all 
connected with power plant design. 

European engineers will be surprised to find a 
modern steam plant unprovided with superheat- 
ers. Mr. Stott’s proposal to substitute a low- 
pressure steam turbine for the low-pressure cylin- 
der of a reciprocating engine seems worth trying; 
but as regards his suggested combination plant, 
say half producer gas engines and half steam 
turbines, it is very doubtful whether such a com- 
bined plant could compete commercially with a 
modern steam plant. The thermal efficiency of 
a producer gas engine may be more than double 
that of a steam engine or turbine; but if a mod- 
ern steam plant has boilers adapted for the eff- 
cient combustion of cheap small coal, its total 
working cost per kilowatt is likely to compare 
very favorably with that of any producer gas 
plant. 

No evidence is available to show that any ap- 
preciable work at all has been obtained from the 
heat in the exhaust gases from producer gas en- 
gines; and in any case Mr. Stott’s suggestion that 
all such heat could be utilized in boilers, super- 
heaters and economizers, would be found quite 
impracticable. 

There is an obvious error in Mr. Stott’s Table 
1, which is intended to give an analysis of the 
heat losses in a year’s operation of his plant. 
In this table Mr. Stott gives his average loss of 
heat to stack as 22.7 per cent., and he assumes 
that this item could be reduced to about 12.7 per 
cent. and possibly to 10 per cent., by scientific 
methods in the fire room. But of his four tests 
Fig. 4 is the only one that confirms this 22.7 per 
cent. loss, and this test refers to scientific work- 
ing with semi-bituminous coal mechanically fired 
and checked by a COz recorder. Under these con- 
ditions Fig. 4 shows an average of I1.4 per cent. 
CO2, which corresponds to say 2,850° Fahr. fur- 
nace temperature. If the gases left thé boiler 
at 647°, then the loss of heat in them would be 
22.7 per cent., and if the economizer reduced 
them down to 453° Fahr., the final net loss to 
stack would be 15.9 per cent., which is the re- 
sult indicated in Table tr. 

But Fig. 3 shows clearly that, without such 
scientific methods, the combustion of the same 
semi-bituminous coal on these moving-bar stok- 
ers only averaged 6.8 per cent. (1,700° Fahr.) ; 
so that if the gases left at the same temperatures 
as above, the normal loss of heat in the gases 
must have been 38 per cent. or 26.6 per cent. 
net loss after passing through the economizer. 

Of course it is hardly practicable to reduce 
the temperature of escaping gases much below 
453° Fahr., so the results shown in Table 1 are 
evidently very much better than the average year’s 
working, and being based on the test as per Fig. 
4, they evidently show about the best result prac- 
ticable with this plant. 

As the loss of heat in ashes is only 2.4 per cent., 
radiation and leakage only 8 per cent. and loss 
to stack 22.7 per cent. (total heat losses at boiler, 
33.1 per cent.), the boiler efficiency is 66.9 per 
cent.; but the economizer reduces these losses 
by 6.8 per cent. to 26.3 per cent., so that the 
combined efficiency of boiler and economizer on 
such test would be 73.7 per cent., while the net 
loss of heat to stack is only 15.9 per cent. 

As the boilers are evidently worked within 
their rating, apparently evaporating not over 3 
Ib. steam per sq. ft. of boiler heating surface, 
there is no reason why this excellent result should 
not be maintained, provided the stokers will not 
burn out at the furnace temperature of, say, 
2,850° Fahr., corresponding to 11.4 per cent. COs. 
It is certain that when using the Jones or Erith 
underfeed grateless stokers, which have no work- 
ing parts in contact with fire, an average exceed- 
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ing 12 per cent. CO2z can be maintained without 
deterioration to the stokers. 

Figs. 1 and 2 show that when burning anthracite, 
which is necessarily hand-fired, the efficiencies are 
much worse than with semi-bituminous coal me- 
chanically fired. Fig. 1 shows that anthracite 
fired in the ordinary way showed only 4.7 per 
cent. CO, (1,175° Fahr.), when on the above 
basis the loss to the stack was no less than 55 
per cent., or 38.5 per cent. after passing the econ- 
omizer; and Fig. 2 shows that even with the 
scientific method only 7.6 per cent. COz (1,400° 
Fahr.), was reached, when the apparent loss was 
34 per cent. at boiler, or 23.8 per cent. after pass- 
ing the economizer. 

It may safely be stated that it is quite imprac- 
ticable in normal working conditions to reduce 
the heat loss to the stack much under 15 per cent., 
or to get a boiler efficiency much above 75 per 
cent. The only way to do better, even on test, 
is to force up the furnace temperatures; and Mr. 
Stott’s Fig. 5 shows that with gases escaping at 
500° Fahr. above atmosphere, theoretically per- 
fect combustion (21 per cent. COz), would be 
necessary if the loss to the stack were to be re- 
duced to 10 per cent.; and of course this result 
is quite unattainable. 

Yours faithfully, 

London, Feb. 21. 


Eriru’s Ene’gG Co., Lro. 


Sir: I have read with great interest Mr. Erith’s 
criticism of my recent paper on “Power Plant 
Economics.” In reply to his comments on the 
utilization of all the heat in the exhaust gases, 
I do not see why we should not utilize all the heat 
from these gases, provided we allow the proper 
losses in conversion of this heat to electricity in 
exactly the same manner as in an ordinary fur- 
nace and boiler. Due allowance was made for 
these losses in my paper, the only losses cut out 
being those due to ashes and to incomplete com- 
bustion, as they evidently do not exist in the ex- 
haust gases of the internal combustion engine 
from which we are trying to extract as many 
heat units as possible. 

In at least one factory in the Pittsburg district 
the exhaust gases from internal combustion en- 
gines are being used to heat the buildings. 

Another possible source of economy, not men- 
tioned in my paper, is the return of the exhaust 
gases, after passing through the superheater, 
boiler or economizer, to the gas producer, thus 
utilizing the CO2 contained in them in the pro- 
duction of CO for the gas engine. 

In reference tg Mr. Erith’s discovery of an 
error in Table 1, showing loss of heat to stack 
of 22.7 per cent.; from a comparison of this item 
with the COs records, I should have stated more 
clearly perhaps that the CO. curves shown do not 
‘refer to the plant from whose records Table 1 
was compiled, but to another under my charge in 
which experimental investigations on the com- 
bustion of fuel were being carried out. 

Table 1 was. compiled from a complete year’s 
records in daily logs showing output in kilowatt- 
rhours, coal consumption, coal analysis, ashes pro- 
duced, ash analysis, water consumption, water 
and steam temperatures at all points, pyrometer 
readings at various points, the average of flue gas 
analysis of chemical department and other data. 
From this it will be seen that as Mr. Erith’s ar- 
gument is based upon the supposition that Figs. 
I, 2, 3 and 4, showing COz zecords were used in 
the compilation of Table 1, his whole conclusion 
is erroneous, and a careful perusal of my paper 
will show that the method of deriving Table 1 
was clearly indicated, and, further, that the CO. 
curves were referred to only as “a series of tests 
made with this instrument” and no reference is 
made showing any connection between them and 
Table 1. Yours truly, 


New York, March 5. HG. Stort: 
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STANDARD CONCRETE BARREL CULVERTS. 


Str: Enclosed please find blue-print and table 
giving dimensions of concrete barrel culverts 
which are being built on a branch line of the 
Missouri Pacific Ry. at Springfield, Mo. The 
mixtures are, by volume, 1 part Portland cement, 
3 parts sand and 5 parts broken stone or gravel. 
Gravel is preferable to broken stone and a wet 
mixture is also preferable because, in the limited 
space within the forms, tamping cannot well be 


thorough. 
DIMENSIONS OF CONCRETE CULVERTS. 
7-—Thickness in inches.—, Length. 

Diameter. Base. Springing. Crown. Headwall. 

Rai, Sue ioe oe 7 6 4 3 ft. ro in. 
[Nahe pone eR 8 8 4 RiditarOulhs 
Bovis setae tee 9 10 5 6in. 2in. 
AGE) icicle 10 12 6 7 ft. 6in. 
AQ UW cic vere d It 14 7 8 ft. Sin. 
ASiaon > acon eee 12 16 8 ro ft. o in. 


The centerings used are wooden and are col- 
lapsed by knocking apart the cross braces or 
heads. The barrel is made in four sections, each 
a quarter of a cylinder. On account of having to 
practically rebuild-the forms for each culvert, the 
use of the collapsible steel centerings, which are 
on the market, would be economical. For open- 
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Standard Concrete Culverts. 


ings 18 to 48 in. in diameter, this form of culvert 

is very satisfactory. 
Yours truly, 
Springfield, Mo. 


Gro. W. CorrIGAN. 


Srreet Bounps. 


Sir: In regard to location of street bounds pub- 
lished in The Engineering Record of Feb. 3, I 
do not agree with the writer in his method of 
laying out streets or the placing of stone bounds. 
The matter of using curves in streets has been 
answered in the Record of Feb. 24, and I also 
fail to see why curves are not as easily located 
as tangents if the proper information is put on 
record, 

The writer of Feb. 3 states, in regard to placing 
stone bounds anywhere except on the side line 
of streets: “The inconvenience of this scheme 
(meaning placing bounds in the street) is alto- 
gether too apparent for discussion.” I wish to 
ask him if he does not have to make an offset in 
running a great many of his lines in town where 
the bounds are set on the side line of the street, 
and if it would not be a much better plan to have 
the bound originally set on an offset and so stated 
in the record. The bound set on the side lines is 
more apt to be disturbed by the digging of build- 
ing foundations and the putting in of fence posts, 
especially at the corner of a street. He also says 
to use one corner of a rough stone bound for 
the starting point. This may be well enough for 
some kinds of work, where there is not a call for 
accurate instrument and chain work, but it is no 
more trouble to have a small drill hole in the 
center and then you have a well-defined point, 
whereas the corner of a bound may be more or 
less chipped off and not a good point from which 
to start. 

In regard to the width of location, it would be 
very unwise to lay out all the streets in one 
county the same width. Some would be too wide 
and others too narrow for their present and 
future use. An engineer is called upon to use 
some discretion as to the proper width of the 


Vou. 53, No. to. 


proposed streets, upon what traffic it will have. 
It is a waste of money to build a wide street 
where a narrow one would do as well, as much as 
it is to build a narrow one where a wide one is 
needed, and just as much of an engineering 
failure. 

Boston, Mass. 


' 


A. H. Prrerson. 


CHECKING GRADE STAKES. 


Sir: I notice in your last issue an inquiry as 
to the necessity of checking grade stakes on rail- 
road construction. I think if the inquirer has ever 
been actively engaged in railroad work the prac- 
tice in his locality is much different from that of 
any place I was ever fortunate enough to get into. 
The usual thing in my experience has been for 
the contractors to be ready for the work about as 
fast as the assistant in immediate charge of the 
work could by any possibility get stakes set for 
the opening of cuts. In many cases it was nec- 
essary to give such stakes as were sufficient to 
allow opening the cut and then hurry to another 
place to repeat the performance, all in order to 
allow the contractor to open such work as was 
for his convenience, real or imaginary, as the case 
might be. If the writer of the inquiry has been 
fortunate to be employed where the resident en- 
gineers had time enough to check the elevation 
of grade pegs, or to make up his estimates with- 
out losing time from sleep, he has my congratu- 
lations. It is of course understood that the levels 
of the center line are carefully re-run before the 
work of staking out begins, and I have made a 
practice in addition to test each station when 
staking out for construction. This I do by get- 
ting the required reading of the rod before the 
rodman reaches the station and then trying the 
rod on the station plug to see if it agrees with 
the computed reading. These things take prac- 
tically no time to carry along with the work, but 
there is usually absolutely no time to check any- 
thing after once marked for the contractors. The 
resident engineer on railroad construdtion is 
usually a very much overworked man and the 
question usually is not what he would like to do, 
but what must be done to keep the contractors 
from kicking up a row for want of lines for the 
work they want to open. 


Rockland, Me., Feb. 27. O: H. Trier. * 


[This inquiry has been submitted to the engi- 
neers of several systems and it is interesting to 
observe the opposite views held. ‘Two extracts 
from letters will show this fully. Mr. James Dun, 
chief engineer of the Atchison, Topeka & Santa 
Fe system, stated: “The checking of levels on 
railroad location is customary and important, and 
this work should be done before construction is 
undertaken to any.extent.’” Mr. E. J. Beard, 
principal assistant engineer of the Chicago, Rock 
Island & Pacific Ry., stated: “It is not cus- 
tomary to check grade stakes. The man who 
cannot practically do such work without making 
damaging errors is incompetent. All calculations 
and measurements pertaining to any structure 
appearing on a plan should be checked; when 
staked on the ground by a novice, again checked; 
but an experienced man will not duplicate his 
work, although he will intuitively check himself 
by conducting his work so as to check on closing 
or otherwise, if practicable. It is all a matter of 
judgment, involving the determination of the 
point where expensive accuracy begins.” ] 


A Forcorten Cuarce of DyNAmiteE in a slag 
pile at the Carnegie Steel Co.’s plant at Pitts- 
burg was recently exploded by a steam shovel that 
was excavating from the pile and accidentally 
struck the charge. The shovel was entirely de- 
stroyed, the bursting of its steam. boiler adding 
to the violence of the explosion and causing great 
fatality. 
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